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ABSTRACT
This th es is  contains six  ch ap te rs  which investiga te  d iffe re n t 
a re a s  in applied econom etrics. The m ajo r focus of the  study has been 
th e  app lication  of techniques from  the  applied econom etrics 
l i te r a tu re  to  a study of the  A ustra lian  macroeconomy.
C hapter Two uses a Vector A utoRegressive (VAR) model and a 
s tru c tu ra l  model of the  A ustra lian  economy to  discover those 
v a riab les  responsib le  fo r  the  f lu c tu a tio n s  which have b u ffe ted  the 
A ustra lian  economy over the  la s t f if te e n  years . Despite m arked 
d iffe re n c es  in the  appearance of the  tw o models, the  re su lts  a re  
s im ila r in p red ic ting  how the  economy responds to  c e rta in  shocks.
C hapter Three exam ines the  behaviour of the  A ustra lian  do llar 
over the  period  since f lo a t  in December 1983. The analysis shows th a t  
the  do lla r is over-valued, com pared w ith  a level th a t  can m ain tain  a 
su sta in ab le  debt-GDP ra tio . The over-va lua tion  has m eant th a t  the  
A ustra lian  do lla r is discounted on the  fo rw ard  m arket and high 
dom estic in te re s t  r a te s  a re  necessary  to  o f fse t the  deprecia tion  
expected  by fo re ig n  investors.
C hapter Four conducts a Monte Carlo analysis to  investiga te  the  
p e rf  orm ance of a lte rn a tiv e  estim ation  m ethods in equations which 
include a g en e ra ted  re g re sso r  as an exp lana to ry  variab le . The re su lts  
show th a t  w hile FIML tends to  dom inate w ith  an increasing  sam ple 
size, in sm all sam ples FIML s ta n d a rd  e r ro r s  a re  dow nw ard biased, 
leaving C o rrec t OLS as th e  best e s tim a tion  method.
C hapter Five f u r th e r  exam ines the  g enera ted  reg re sso r  problem  
using B arr o’s (1977) New C lassical unemployment model and shows th a t  
the  r e s u lts  a re  ro b u st to  the  estim ation  method. However, the  re su lts  
from  th e  la rg e r  model suggested  by P esa ran  (1982) a re  sensitive  to  
the  e s tim a tio n  procedure.
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from  the  la rg e r  model suggested by P esaran  (1982) a re  sensitive  to  
the  estim ation  procedure.
C hapter Six evaluates a lte rn a tiv e  procedures fo r  converting 
q u a lita tiv e  expecta tion  responses to  q u an tita tiv e  expecta tions f  or 
the  A ustra lian  m anufactu ring  sec to r and finds th a t  a dynamic 
nonlinear model which is a  g enera lisa tion  of the  model suggested  by 
P esaran  (1987) is superio r in picking up both tu rn in g  points in the  
d a ta  and in m inim ising the  fo re c a s t e rro r .
C hapter Seven fu r th e r  exam ines the behaviour of the  A ustra lian  
m anufactu ring  sec to r using m u ltiv a ria te  co in teg ra tion  and the derived 
q u an tita tiv e  expecta tions of C hapter Six. The analysis shows th a t  the  
ro le  of p rice  variab les  is much more s ig n ifican t th an  th a t  of ou tput 
in de term ining  employment movements.
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CHAPTER ONE
INTRODUCTION
Modelling the e ffe c ts  of m acroeconom ic flu c tu a tio n s  is an 
ex trem ely  im portan t rese a rc h  a re a  fo r  the  purposes of developing and 
te s tin g  theo ries , analysing policy and fo recastin g . In developing
tools fo r  analysis of m acroeconom ic d a ta , one s tra n d  of re se a rc h  has 
been the  app lication  of vecto r au to reg ressiv e  m odelling, e rro r  
co rrec tion  models and m u ltiva ria te  co in teg ra tion  techniques. A second
s tra n d  to  th is  re sea rch  agenda has been the  developm ent of
econom etric m ethods fo r  analysing models in which some exp lanato ry  
variab les a re  unobserved. R elated to  th is  has been the  refinem en t and 
extension of a lte rn a tiv e  techniques fo r  converting q ua lita tive  
expecta tions response d a ta  to  q u an tita tiv e  expecta tions se rie s . The 
objectives of the  th es is  a re  to  review  and ex tend  these  procedures 
fo r  analysing m acroeconom ic tim e se ries  d a ta , to  exam ine c ritica lly  
the  m ethodological issues associa ted  w ith  the  use of such techniques 
and to  apply these  m ethods to  selected  m acroeconom ic tim e se ries  
data .
This th es is  has two se p a ra te  p a rts . The f i r s t  p a r t  com prises
tw o, essen tia lly  em pirical, ch ap te rs . C hapter Two exam ines the  causes 
of f lu c tu a tio n s  in the  A ustralian  economy, while C hapter Three
considers a  p a rtic u la r  aspect of the  A ustra lian  economy. This chap ter 
investiga tes the  behaviour of the  A ustra lian  do lla r ($A), 
concen tra ting  on evidence th a t  the  $A may be over-valued.
The second p a r t  of the th es is  com prises fo u r ch ap te rs  and is
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concerned w ith both m ethodological and em pirical issues. C hapters 
Four and Five a re  concerned w ith models in which genera ted  reg re sso rs  
a re  used to  rep lace unobserved exp lanato ry  variab les, and the 
re la tiv e  m erits  of a lte rn a tiv e  m ethods fo r  ca lcu la ting  the covariance 
m a tr ix  of the  estim ated  reg ression  p a ram ete rs . Monte Carlo re su lts  
a re  p resen ted  fo r  various models in C hapter Four, and C hapter Five 
has an em pirical application  of B arro ’s (1977, 1978, 1981) New
C lassical model of unemployment. C hapter Six uses qua lita tive  
expecta tions response d a ta  from  the m anufactu ring  se c to r to  derive 
q u an tita tiv e  expecta tions. C hapter Seven then  inco rp o ra tes  these 
expecta tions in a m u ltiv a ria te  co in teg ra ting  re la tionsh ip  betw een 
m anufactu ring  output, employment, and p rices tak ing  ca re fu l account 
of the  g enera ted  expecta tions.
C hapter Two uses a  Vector A utoRegressive (VAR) model of the  
A ustra lian  economy w ith  a r e s t  of the  w orld (ROW) se c to r in an 
a ttem p t to  cap tu re  the  m ajo r causes of f lu c tu a tio n s  in the  A ustralian  
economy over the  la s t f if te e n  years. It is d iff ic u lt to  be precise  as 
to  w hether to  develop a model in levels or f i r s t  d iffe ren ces , based 
on the  s ta t io n a r ity  of the  various se rie s . A num ber of d iffe re n t 
te s ts  fo r  the  null hypothesis of n o n sta tio n a rity  a re  used, including 
the  Augmented D ickey-Fuller (ADF) te s t  which perm its  the  d a ta  
genera ting  p rocess (DGP) to  follow  an au to reg ressiv e  moving average 
(ARMA) (1,1) model (see Choi (1990)), and the  procedure of Perron  
(1989) which perm its  a s tru c tu ra l  change in the  in te rce p t and slope 
co effic ien t of the  ADF te s t . For a num ber of the  se rie s , conflicting  
outcom es a rise  as to  acceptance or re je c tio n  of the  null hypothesis. 
Consequently, models in both  levels and f i r s t  d iffe ren ces  a re
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constructed .
Reduced form  VAR models a re  converted into s tru c tu ra l  VAR models 
by imposing ju s t- id e n tify in g  re s tr ic tio n s  on the  m a tr ix  of
contem poraneous coeffic ien ts  and on the  m a tr ix  determ ining which 
s tru c tu ra l  innovations appear in each of the  equations. The 
l i te ra tu re  contains many a lte rn a tiv e  se ts  of id en tifica tio n  
re s tr ic tio n s . Due to  the  lack of consensus a num ber of d iffe re n t
re s tr ic tio n s  a re  examined. D iscussion of the  re su lts  co n cen tra tes  on 
id en tifica tio n  re s tr ic tio n s  suggested  by the  Murphy Model, although 
a lte rn a tiv e  re s tr ic tio n s  do not change the  re su lts  in any substan tive  
way. Both the  levels model and the model in f i r s t  d iffe ren ces  yield 
s im ila r responses to  impulse, or one period, shocks to  the  equations
fo r  a m a jo rity  of the  variab les. This is tru e  fo r  up to  eight
q u a rte rs  ahead, a f te r  which the  d iffe re n t long-run  p ro p ertie s  of the 
tw o models dom inate. In p a rtic u la r , th e  model in levels, when 
shocked, re tu rn s  to  its  o rig inal base equilibrium  path , while shocks
to  the  model in f i r s t  d iffe ren ces  a re  perm anent and the  variab le  
response converges to  some new equilibrium  path  away from  the  base 
path . These responses a re  then  com pared w ith  those from  the  Murphy 
Model when sim ila r shocks a re  applied.
The Murphy Model is a sm all q u a rte rly  m acroeconom ic model of the 
A ustra lian  economy designed fo r  fo re c a stin g  and policy analysis. It 
is based on sim ila r economic theo ry  to  the  Dornbusch model fo r  the 
U.S. (see Murphy (1988, 1990a, 1990b)). Shocks to  the  Murphy Model 
a re  assum ed to  be tem porary . Consequently, the  Murphy Model is 
com pared w ith  the  VAR model in levels, as both have the  sam e long-run  
solutions. Both models yield s im ila r impulse response functions
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corresponding to  shocks in money, dom estic demand, p ro d u ctiv ity / 
labour supply and w orld demand, while d iffe ren ces  em erge in response 
to  shocks in w orld in te re s t ra te s  and rea l wages.
C hapter Three exam ines the  behaviour of the  $A, concen tra ting  on 
the  period since the f lo a tin g  of the  currency  in December 1983. For a 
considerable period since the f lo a t the  fo rw ard  m arket has been a t  a 
d iscount, and te s ts  of the  fo rw ard  m arket r e je c t  the  null hypothesis
of m arket efficiency . Using expecta tions d a ta  from  a group of
financ ia l m arket individuals, the  fo rw ard  m arket ineffic iency  is 
decomposed and ind ica tes th a t  the  b ias a rise s  because individuals
continually  expect the  $A to  dep recia te , desp ite  the  $A, on average, 
apprec ia ting . In fa c t, fo r  the  period of analysis, over a one month
fo re c a s t horizon the m arket expected a dep recia tion  of 8.47. pa, the
one m onth fo rw ard  r a te  implied a deprecia tion  of 8.97. pa, while the  
ac tu a l exchange ra te  app rec ia ted  by 2.57. pa.
An a lte rn a tiv e  explanation  fo r  the  ineffic iency  observed in the
fo rw ard  m arket is the  ex istence of a  tim e varying risk  prem ium, but
th is  is shown to  be too sm all to  account fo r  the  size of the
ineffic iency  observed over the  period. E xpecta tions d a ta  a re  then 
used to  com pare the  fo recastin g  reco rd  of m arket an a ly sts  w ith  those 
of sim ple tim e se rie s  models. It is found th a t  alm ost any sim ple tim e 
se rie s  technique perfo rm s b e tte r , although these tim e se rie s  m ethods 
ra re ly  dom inate the  o u t-o f-sam p le  fo re c a s ts  of the  random  walk model.
Exchange r a te  models of the  $A a re  used to  es tab lish  w hether the 
$A follow s a fundam ental exchange ra te . Using both a Purchasing  Power 
P a rity  model and a m ore soph istica ted  m onetary  model of exchange ra te  
behaviour, the  evidence suggests th a t  th e  $A has a fundam ental
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exchange ra te , and th a t fo r  a considerab le pe riod  since 1985 the $A 
has been over-va lued . Th is  o ve r-va lu a tio n  exp la ins  why ind iv idua ls  
expect the  $A to  deprecia te . I t  is argued th a t the  source o f the 
o ve r-va lu a tio n  is the  ex trem e ly  h igh in te re s t ra te s  ava ilab le  in 
A u s tra lia , compared w ith  the re s t o f the  w o r ld , over the f iv e  years 
1985 to  1989. These h igh in te re s t ra te s , w ith  an a p p rec ia tin g  
cu rrency, have meant th a t investing  money in  A u s tra lia  since 1986 
could have led to  considerab le excess re tu rn s  as compared w ith  
investing  in , f o r  example, the U.S.
I t  is con jec tu red  th a t the  o v e r-va lu a tio n  has led to  a nervous 
m arke t and th is  in  tu rn  has led to  a s u b s ta n tia l degree o f negative 
skewness in  the d is tr ib u t io n  o f $A re tu rn s  aga inst a ll o the r 
cu rrenc ies, w h ich  is not observed in  any o f the  associated cross 
ra tes . The reasons fo r  the nervousness revo lve  around economic 
announcements concern ing low  GDP g ro w th  and the  poor c u rre n t account 
f ig u re s . In add ition , the re  is a m arked skewness in  the  va riance  o f 
changes in  the $A. In conclusion, i t  is  suggested th a t the  $A is 
s u ffe r in g  fro m  a ‘Peso P rob lem ’ and the  d isc re te  po licy  change fo r  
w h ich m a rke t ana lysts  are w a it in g  is  a re so lu tio n  o f A u s tra lia ’ s 
unsusta inab le  debt/G DP ra t io .
S tud ies w h ich  u til is e  expecta tions  da ta  are becoming
in c reas ing ly  more common. Q u a n tita tive  expec ta tio ns  as used in  
Chapter Three are the m ost des irab le  f o r  e m p ir ica l stud ies.
U n fo rtu n a te ly , such da ta  is o fte n  no t ava ilab le . Two a lte rn a tiv e s  to  
q u a n tita tiv e  expecta tions  are: model cons is ten t expecta tions  fro m  the 
ra t io n a l expecta tions  l i te ra tu re ;  and q u a lita t iv e  response 
expecta tions. However, both o f these a lte rn a tiv e s  use an a d d itio n a l
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model to  genera te  the  q u an tita tiv e  expecta tions. Consequently, the 
inclusion of these  expecta tions into a s tru c tu ra l  model involves a 
specifica tion  which rep laces the  unobserved expecta tions variab les 
w ith the  genera ted  reg re sso rs . The second p a r t  of th is  thesis  
canvasses the  issues involved in producing these  q u an tita tiv e
expecta tions and estim ating  s tru c tu ra l  models in which they appear.
C hapter Four exam ines inference based on the consisten t 
estim ation  of the covariance m atrix  of linear models w ith  genera ted  
reg re sso rs , th a t  is, models w ith  unobserved exp lanato ry  variab les. A 
num ber of em pirical exam ples a re  used to  investiga te  d iffe ren ces  th a t  
a rise  in the  calcu la tion  of s tan d a rd  e rro rs . These s tan d ard  e r ro rs  
a re  produced from  a v arie ty  of approaches: namely, the  2 -step  OLS 
method, 2 -s tep  OLS w ith the  same and d iffe re n t num bers of 
observations in the  expecta tions and s tru c tu ra l  equations, the  2 -s te p  
in strum en ta l variab le  method, fu ll in fo rm ation  maximum likelihood, 
and tw o v a rian ts  of the com putationally  in tensive p a ram etric
b o o ts trap  method. Two variab le  addition d iagnostic  te s ts  fo r  the  
s tru c tu ra l  equation w ith  genera ted  reg re sso rs  a re  also p resen ted  fo r  
each model.
An extensive range of Monte Carlo sim ulation experim ents is 
conducted. They a re  as follow s: a uniform  d is tr ib u tio n  and a 
tre n d -s ta tio n a ry  f i r s t - o rd e r  au to reg ressive  p rocess fo r  the
expecta tions equation; the  e ffe c ts  of using the  sam e and d iffe rin g  
num bers of observations fo r  the  expecta tions and s tru c tu ra l  equations 
on the  com putation of the  c o rre c t covariance m atrix ; the  e ffe c ts  of 
imposing an in co rrec t covariance re s tr ic tio n  betw een the  e rro rs  of 
the  expecta tions and s tru c tu ra l  equations; the  e ffe c ts  on the
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Standard  e rro rs  of s tru c tu ra l  in stab ility , h e te ro sced as tic ity  and 
m isspecifica tion  of the expecta tions equation; and the e ffe c ts  of 
d iffe re n t m ethods of estim ation  on functional m isspecifica tion  and 
se ria l co rre la tio n  diagnostic  te s ts . It is f  ound th a t  su b s ta n tia l 
d iffe ren ces  in the  estim ated  s tan d a rd  e rro rs , and hence in ferences, 
can a r ise  as a  re su lt  of using d iffe re n t m ethods of e stim ation  and 
d iffe re n t m ethods of com puting the  C orrec t OLS covariance m a tr ix  of 
the  s tru c tu ra l  equation.
C hapter Five has an em pirical app lication  of the  gen era ted  
re g re sso r  problem  using B arro ’s (1977, 1978, 1981) New C lassical
model of unemployment fo r  the U.S.. Both the  tw o- and th re e -  equation 
system s used and, the  robustness of th is  model to  various sam ple 
periods and estim ation  m ethods fo r  the  p a ram ete r covariance m a tr ix  
a re  exam ined. The m ethods of es tim ation  used a re  2 -s te p  OLS, 2 -s te p  
OLS w ith  c o rre c t s ta n d a rd  e rro rs  using the  sam e and d iffe re n t num bers 
of observations fo r  the  expecta tions and s tru c tu ra l  equations, fu ll 
in fo rm ation  maximum likelihood, and th re e  novel v a ria n ts  of the
com putationally  intensive p a ram etric  b o o ts trap  method. The em pirical 
re su lts  fo r  B arro ’s model change according to  the  sam ple period
chosen, the  d iffe re n t m ethods of es tim ation , and the  d iffe re n t ways
of com puting the  covariance m a tr ix  fo r  purposes of in ference . In 
p a rtic u la r , varying any -or a ll of these  options can lead to
sig n ifican t d iffe ren ces  in the  em pirical re su lts .
In the  previous ch ap te r q u an tita tiv e  expecta tions a re  derived as
model consisten t expecta tions. C hapters Six and Seven consider the  
use of q u a lita tiv e  response expecta tions as ano ther possible m ethod 
fo r  deriving q u an tita tiv e  expecta tions. C hapter Six analyses and
7
extends a lte rn a tiv e  procedures fo r  converting q u a lita tiv e  response 
d a ta  to  q u an tita tiv e  expectations. Such a c rit ic a l review  has two 
purposes: f i r s t ,  to  exam ine which method provides the  best fo re c a s ts  
and second, to  e s tab lish  w hether the  re su lts  a re  robust to  the  
conversion procedure used. A num ber of conversion procedures a re  
investiga ted , including the  p robab ility  model of Carlson and Parkin  
(1985), the  tim e varying p a ram ete r p robab ility  model, the  reg ression  
approach  of P esaran  (1987), and ex tensions of P e sa ra n ’s reg ression  
model. The in fo rm ational conten t of the  expecta tions se rie s  is 
com pared w ith  sim ple tim e se ries  models by com paring th e ir  p red ictive 
perfo rm ance. It is found th a t  the  ex p ec ta tio n s’ models a re  superio r 
fo r  many se ries , both in te rm s of producing low er fo re c a s t ro o t mean 
square  e r ro r  (RMSE) values and in de tec ting  tu rn in g  points in the  
ac tua l da ta .
E xpecta tions se rie s  a re  also te s te d  fo r  consistency w ith  the 
ra tio n a l expecta tions hypothesis, whereby no re levan t in fo rm ation  is 
unexploited  when form ing expecta tions. The unbiasedness and 
o rthogonality  te s ts  include expecta tions as an exp lana to ry  variable. 
To account fo r  the  problem  th a t  the  expecta tions variab les a re  
gen era ted  through ano ther equation and a re  m easured su b jec t to  e rro r , 
the  s ta n d a rd  e r ro rs  a re  ad ju s ted  and the C orrec t OLS as well as 
C o rrec t IV estim ation  m ethods a re  used. The re su lts  d if fe r  acro ss the  
a lte rn a tiv e  conversion procedures, w ith  a dynamic version of 
P e sa ra n ’s nonlinear reg ression  model, combining asym m etric  behaviour 
in response to  an tic ip a ted  r ise s  and fa lls  in the  variab les to g e th e r 
w ith  a  tim e varying p a ram ete r model, em pirically  dom inant.
The expecta tions provide evidence th a t  individuals an tic ipa ted
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the  s ig n ifican t m anufactu ring  recessions in A ustra lia  in 1974/5 and 
1982/3, desp ite  the  f  a ilu re  of economic models to  p red ic t these 
dow nturns. However, a t  o ther tim es it  appears th a t  the  expecta tions 
se rie s  simply tra c k  ac tua l movements w ith  a  one q u a rte r  lag.
C hapter Seven analyses the  behaviour of employment in the 
A ustra lian  m anufactu ring  sec to r fo r  the  period  from  1975 un til 1989. 
Over th is  period, employment and ou tpu t tre n d  g row th  ra te s  a re  
m arkedly d iffe re n t, w ith  employment fa llin g  and ou tpu t growing. This 
observation  ra ise s  the  question of the  im portance of ou tput movements 
in determ ining  employment. A m arginal cost model of labour demand is 
used to  investiga te  the  labour m arket. This model equates employment 
movements to  those of output, w ages and output prices, and is 
extended by inco rporating  input p rices. Dynamic models of labour 
demand o ften  include expecta tions, although un til recen tly  these  have 
tended to  be proxied by lagged variab les. In th is  chap te r 
q u an tita tiv e  expecta tions of ou tput, employment and ou tpu t p rices 
form ed from  q ua lita tive  expecta tions in C hapter Six a re  added to  the  
system  of variab les to  analyse th e ir  role.
The re la tive ly  new technique of m u ltiv a ria te  co in teg ra tion  is 
used to  te s t  the  ex istence of long-run  (co in teg ra ting ) re la tionsh ip s 
betw een the  variab les in the  m arginal cost model. D ata suggests the  
ex istence of two co in teg ra tin g  vecto rs, the  f i r s t  resem bles an output 
equation, the  second an employment equation. Existence of a  th ird  
co in teg ra ting  vector, which resem bles a wage equation, re lie s  upon 
exclusion of the  expecta tions. S tandard  e r ro rs  a re  provided on the  
coeffic ien t e s tim a tes  fo r  these  re la tio n sh ip s  using a simple 
b o o ts trap  procedure. In these  long-run  re la tio n sh ip s  it  is the  price
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variab les which appear to  be responsible fo r  a su b s tan tia l am ount of 
the  movements in output, employment and wages. Homogeneity 
re s tr ic tio n s  on the  price  variab les acro ss the  two or th re e  long-run  
re la tio n sh ip s  a re  te s te d  and easily  accepted. Testing the  w eights on 
these  long-run  re la tionsh ip s  in the  e r ro r  co rrec tion  equations shows 
th a t  they en te r sign ifican tly  into each of the  E rro r  C orrection 
Models (ECMs).
These long-run  re la tionsh ip s  a re  included in sh o rt- ru n  
s tru c tu ra l  ECMs to  determ ine the  source of sh o rt- ru n  movements in the 
variab les. The use of a  s tru c tu ra l  ECM m eans the equations should be 
es tim ated  by in strum en ta l variab les (IV) ra th e r  than  o rd inary  least 
squares due to  s im ultaneity  problem s. The inclusion of expecta tions 
variab les, which a re  g enera ted  in ano ther equation and m easured w ith  
e rro r , im plies th a t  the  IV s tan d a rd  e r ro rs  need ad ju s tin g  and the 
C orrec t IV method should be used. Models w ith expecta tions included 
as add itional exp lana to ry  variab les a re  superio r to  those w ithout 
expecta tions.
In analysing the  m ajo r de te rm inan ts  of ac tiv ity  in A ustralian  
m anufactu ring , the  evidence suggests th a t  wage movements con tribu te  
su b s tan tia lly  to  explain ing movements in employment and ou tpu t, while 
ou tput movements explain  l i t t le  of the  movement in e ith e r  employment 
or the  p rice  variab les.
C hapter Eight provides some concluding rem arks fo r  the  thesis  as 
a whole, and p re sen ts  d irec tions  fo r  fu tu re  resea rch  as well as some 
qua lifica tions  to  the  analysis  undertaken  in the  thesis .
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PART ONE
MODELLING MACROECONOMIC TIME SERIES
CHAPTER TWO
MACROECONOMIC FLUCTUATIONS IN THE AUSTRALIAN ECONOMY
2.1. Introduct ion
The A ustra lian  economy, along w ith  m ost o th e r OECD economies, 
has been b u ffe ted  by a se rie s  of shocks over the  la s t f if te e n  years . 
In o rd er to  fo rm u la te  policy to  minimise the v o la tility  in the  m ajo r 
m acroeconom ic variab les it  is im portan t to  know the  s tru c tu re  of the  
A ustra lian  economy and understand  the sources of the  varia tion .
A u s tra lia ’s dependence on commodity e x p o rts  is genera lly  
believed to  make i t  p a rticu la rly  susceptib le  to  flu c tu a tio n s  in the  
w orld economy. Hence, w orld variab les a re  included in a model of the  
A ustra lian  economy to investiga te  the  ex ten t to  which movements in 
the  A ustra lian  economy can be a ttr ib u te d  to  shocks from  the  r e s t  of 
the  world.
The model used is essen tia lly  an open economy v a ria n t of the 
models fo r  the  U.S. of Sims (1980), B lanchard (1986), B lanchard 
(1989) and B lanchard and Quah (1989). Specifically , a V ector
A utoRegressive (VAR) model is bu ilt fo r  the  A ustra lian  economy using 
a num ber of m ajo r na tional and in te rn a tio n a l m acroeconom ic variab les. 
Impulse shocks a re  applied -to each variab le  and the  impulse responses 
a re  exam ined. These re su lts  a re  com pared w ith  those of the  Murphy 
Model (see Murphy (1988), (1990a), (1990b)) to  see w hether they  a re  
co n sis ten t w ith  a s tru c tu ra l  model w ith  an economic foundation. The 
re s u lts  from  these  tw o models a re  s im ila r in te rm s of the  impulse 
responses fo r  the  m ajo rity  of variab les. The s im ila rity  is m ost
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m arked fo r  money and dom estic demand shocks, w h ile  responses to  wage 
and w o rld  in te re s t ra te  shocks d i f f e r  between the tw o  models.
The plan o f the  chap te r is as fo llo w s . The VAR model is 
in troduced  in  Section 2.2 along w ith  a d iscussion o f the  va riab les  
used in  the system, the lag length , the s ta t io n a r ity  o f each o f the 
series and a b r ie f  d e sc rip tio n  o f the  M urphy Model. Section 2.3 
discusses the id e n t if ic a t io n  re s tr ic t io n s  in  the reduced fo rm  VAR 
necessary to  ob ta in  the s tru c tu ra l VAR. E s tim a tion , variance
decom position and im pulse shocks fo r  the  VAR model when the va riab les  
are in  both levels and f i r s t  d iffe re n ce s  are exam ined in  Section 2.4. 
Section 2.5 undertakes s im ila r  va riance  decom positions and im pulse 
shocks fo r  the  Murphy Model. Concluding rem arks  are made in  Section 
2 . 6 .
2 .2 . V e c to r  A u to r e g r e s s iv e  M o d e l (V A R )
A s tru c tu ra l model has the fo llo w in g  fo rm
C X = DZ + C X + C X + ......  + C X + FC, (2.1)
o t t 1 t - i  2 t-2 h t-h t
where X^ is a p x l vec to r o f va riab les ; i  = 0, 1, . . . ,  h, and F
are pxp m a trice s  o f c o e ffic ie n ts ; is  a vec to r o f d e te rm in is tic
va riab les , such as an in te rce p t, seasonal dummies and a tim e  tre n d  
(w ith  a c o e ff ic ie n t m a tr ix  D); h is  the  m axim um  lag leng th  in  the 
system; and £ are the s tru c tu ra l innova tions assumed to  be
independently d is tr ib u te d  w ith  zero mean and d iagona l covariance 
m a tr ix ,  Q. The m a tr ix  Cq rep resen ts  the contemporaneous e ffe c ts
across the  equations and F describes how the s tru c tu ra l innovations 
appear in  each equation.
P re m u ltip ly in g  both sides o f equation (2.1) by the  nons ingu la r
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m atrix  Cq yields a reduced form  VAR model
X = BZ + A X + A X + ... + A X + v .t t 1 t-l 2 t-2 h t-h t ( 2 . 2 )
A , i = 1, 2 .. . .  h, is an pxp m atrix  of coeffic ien ts , v  ^ is the
reduced fo rm  d istu rbance  vector and E(u v ' ) = Z. The reduced fo rm  VARt t
co effic ien ts  can be w ritte n  in te rm s of the  s tru c tu ra l  co e ffic ien ts
as A = C *(3 , B = C *D and v = C V c  . Equation (2.2) can be i o r  o t o t
conveniently re w ritte n  as
X = BZ + A(L)X + vt t t  t (2.3)
A(L) = A L + A L2 + ......  + A Lh,1 2 h w here L is the  lag o p e ra to r, such
th a t LX^ = X^  . In p rac tice  it  is usual to  begin by estim ating  the
reduced fo rm  VAR model of equation (2.2) or (2.3). Id en tifica tio n  of 
the  s tru c tu ra l  innovations appearing in equation (2.1) needs a se t of 
identify ing  re s tr ic tio n s  on the  m a tr ix  Cq and these  w ill be
considered in Section 2.3.
In building a VAR th e re  a re  fou r m ajo r issues to  be decided: the  
es tim ation  period; the  choice of the  v ariab les  in X ;^ the  lag length , 
m; and which d a ta  se rie s  need to  be d iffe renced  to  achieve 
s ta tio n a r ity . In line w ith  the  Murphy Model, the  es tim ation  period is 
from  1976.1 to  1990.1. The rem aining th re e  issues a re  now discussed 
in tu rn .
2.2.1. V a r ia b le s
With only f if ty -se v en  observations availab le fo r  estim ation , the  
num ber of variab les a re  lim ited  because of the  po ten tia l 
o v e r-p a ram ete r isa tion  assoc ia ted  w ith  la rg e  VAR models.* Following
*In a VAR w ith  h lags on each variab le  the  inclusion of an e x tra
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B lanchard’s (1989) U.S. model, th e  v a ria b le s  money (taken as
currency), rea l GDP, unemployment, consum er p r ic e s  (CPI) and average
annual earn ings a re  included. All of th ese  a r e  seasonally  ad ju sted
w ith  the  exception of the  CPI, and all bu t th e  unem ploym ent r a te  a re
in logarithm s. In addition, B lanchard’s variab le  se t is extended by
adding th re e  world variab les: a w orld  in te re s t ra te , the  log of the
2
terms of trade and the log of world output. ' The addition of these
th re e  w orld variab les is an a tte m p t to  cap tu re  the  influences of the
w orld economy on A ustra lia , which is a  m ore open economy than  the
U.S.. The term s of tra d e  is used because of its  high va riab ility
assoc ia ted  w ith A u stra lia ’s dependence on cornmodity exports World
interest rates are important because Australia is a small open
economy w ith  largely  u n res tric te d  ca p ita l movements. World output is
included to  cap tu re  o ther influences from  the  rest of the world
The variab les w ill be denoted as m (money), y (GDP) un
(unemployment), p (CPI), w (average earningsi, t t  (term s of trad e ),
f r  (w orld in te re s t ra te s )  and fy (w orld o u tp it). In fa c t, the model
uses re a l w ages (wp) r a th e r  than  nominal wag^s and p rices separa te ly
because of the  co u n te r-in tu itiv e  re su lt  th a t  / /age  shocks lead to  a
3
fall in prices and vice-versa.
variab le  en ta ils  estim ating  m additional coefficients per equation 2
The w orld  in te re s t r a te  variab le  is taken as a weighted average of 
th re e  m onth In ter-B ank O ffer ra te s  fo r  U.S., Japan, West Germany and 
U.K. w ith  w eights of 1/3, 1/3, 1/6, and /6 , respectively. World 
output is the  w eighted sum of the  log of GDP from  these fo u r 
coun tries , using the  same w eights as f,or in te re it ra tes .
3
This re s u lt  was also found in sm aller modes th a t w ere considered 
in which w orld variab les a re  excluded.
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2 .2 .2 . S t a t i o n a r i t y  o f  th e  S e r ie s
This section  p resen ts  re su lts  f  rom  a num ber of te s ts  f  or
determ in ing  the  s ta tio n a r ity  of each of the  se ries. Table 2.1 re p o rts
the  ADF te s t  s ta t is t ic  allowing up to  a fo u rth  o rd er au to reg ressive
p rocess (m = 4) and the  Perron  and Phillips Z (ta ) and 2(0^) te s t
s ta t is t ic s  which allow  fo r  up to  a tw e lf th  o rder in terdependence (q =
12). For a  descrip tion  of these th re e  te s ts  and fo r  a descrip tion
(ch a ra c te risa tio n )  of n o n sta tio n a rity  see Supplem ent A. The c r it ic a l
values fo r  the  ADF and PP te s ts  a re  obtained by sim ulation and a re
published in Fu ller (1976), Dickey and Fuller (1981) and MacKinnon
(1990). Table 2.1 re p o r ts  c rit ic a l values fo r  ten  and five per cent
4
sign ificance  levels.
The re su lts  from  the  te s ts  d if fe r  slightly . For money, the  ADF 
re s u lts  suggest s ta t io n a r ity  around a tim e tre n d  a t  the  ten  per cent 
s ign ificance  level fo r  m = 4, 2, while the  PP re su lts  cannot r e je c t
th e  null hypothesis of n o n sta tio n a rity  using e ith e r  the  ZU^) or 
Z(</>3) s ta t is t ic s .  The te s ts  fa il to  r e je c t  the  null hypothesis of
n o n s ta tio n a rity  fo r  each of the  rem aining se rie s . This is
p a rtic u la r ly  su rp ris in g  in the  case of the  unemployment r a te  given 
one expects  a n a tu ra l  r a te  of unemployment, or NAIRU to ex is t. To 
conclude th a t  unem ploym ent is n o n sta tio n ary  around a tre n d  implies 
th a t  th e re  is no tendency fo r  the  unemployment r a te  to  re tu rn  to  its  
n a tu ra l r a te , even when th is  n a tu ra l r a te  is pe rm itted  to  grow  over
These te s t  s ta t is t ic s  tend  to  have low pow er p robab ilities . 
Consequently, ten  p e r cen t s ign ificance levels a re  o ften  used ra th e r  
th an  the  five o r one pe r cent values used in s ta n d a rd  hypothesis 
te s tin g .
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th is  period. This suggests th a t  e ith e r th e re  is no n a tu ra l r a te  of 
unemployment to  which unemployment re tu rn s , or the  re su lts  a re  due to 
the lack of power of the  te s ts  used. The presence of h y s te resis  may 
provide an a lte rn a tiv e  explanation  to  long cycles and the  inability
of the  d a ta  to r e je c t  a unit ro o t (see Gregory (1989) fo r  a
discussion of unemployment in A ustra lia  and the ex istence  of
hy ste resis), while the  ex istence of a s tru c tu ra l break in the
unemployment re la tio n  provides a fo u rth  possible explanation.
Choi (1990) suggests an a lte rn a tiv e  te s t  procedure fo r  
investiga ting  the  ex istence  of a un it roo t. This method involves 
estim ating  an ARMA(1,1) model r a th e r  th an  try in g  to  proxy the  MA 
component as a high o rd er AR model, as the ADF s ta t is t ic  does. The 
model used is then
x = ji + ß t + ax  + u  (2.4)
t t-i t
and
u = e + 0e , e ~ iid(0,cr2). (2.5)
t t t-i t
The procedure involves estim ating  (2.4) by in strum en ta l 
variab les w ith  (1, t , x ) as in strum en ts and using the  residua ls  to
t-2
estim a te  the  MA(1) model, equation (2.5). Using an es tim ate  of 0, 
equation (2.4) is tra n sfo rm ed  to  p a r t ia l  out the MA(1) te rm  (see Choi 
(1990) and Choi and Phillips (1988)). The re s u lta n t  tran sfo rm ed  
equation (2.4) is e s tim a ted  and (a-1) is te s te d  to  be equal to  zero. 
Choi (1990) finds th a t  m ost of the  se rie s  he investiga tes a re  
sta tionary .'*  The re su lts  rep o rted  in Table 2.1 o f fe r  fu r th e r  evidence 
th a t  money is a  s ta tio n a ry  se rie s , re je c tin g  the null hypothesis of
5Choi uses the  se rie s  from  Nelson and P losser (1982).
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n o n sta tio n a rity  a t  the five per cent level, and show th a t
unemployment is s ta tio n a ry  a t lea s t a t  the  ten  per cent level. The 
te s t  m arginally  accepts the  null hypothesis of n o n sta tio n a rity  fo r
the te rm s of tra d e  series. For the  rem aining se rie s  the  null
hypothesis of n o n sta tio n a rity  could not be re jec ted .
P erron  (1989) shows th a t  in the  presence of a s tru c tu ra l  b reak , 
in e ith e r  the  in te rcep t o r tren d  grow th  of a se rie s , th e re  is a
tendency fo r  ex is ting  unit roo t te s ts  to  b ias re su lts  to w ard s being 
unable to  r e je c t  a fa lse  null hypothesis of n o n sta tio n arity . He
shows th a t  the  power of the te s ts  is a decreasing  function  of the  
m agnitude of the  s tru c tu ra l  break.
Given th is  finding, a sensitiv ity  analysis of the  ADF re su lts  is
undertaken  pe rm itting  s tru c tu ra l  b reaks in the  d a ta  se rie s . For 
a s tru c tu ra l  b reak  around 1982/3 which corresponds to  the  w orld
recession , the  flo a tin g  of the  A ustra lian  dollar in 1983.4 and the
in troduction  of the  Accord in 1983.2, the  conclusions regard ing  the
s ta tio n a r ity  of many se ries  change. The re su lts  fo r  the  Perron
Augmented ADF te s ts  assum ing a s tru c tu ra l  b reak  in mid-1982 a re
rep o rted  in Table 2.1 fo r  all se rie s . The Akaike and Schw arz c r i te r ia  
a re  used to  determ ine the  optim al lag length. For unemployment,
dom estic GDP, p rices  and w orld in te re s t ra te s , the  null hypothesis of 
n o n sta tio n a rity  is re je c te d . For the  o ther variab les the  null
hypothesis of n o n sta tio n a rity  fa ils  to  be re jec ted .
Given the  inab ility  to  r e je c t  the  null hypothesis of
n o n sta tio n a rity  fo r  a  num ber of se rie s , i t  is necessary  to  te s t
w hether those se rie s  a re  1(1) o r 1(2). The ADF s ta t is t ic  is now used
to  te s t  w hether any of the  se rie s  a re  1(2), i.e. w hether the  f i r s t
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difference of the series is nonstationary. The resu lts  re je c t the 
null hypothesis fo r all variables fo r which th is was tested.
In conclusion, the null hypotheses th a t the series are  1(1) 
fa ils  to be re jected , with the exception of money and unemployment 
which appear to be 1(0). ^  However, perm itting a s tru c tu ra l break 
produces evidence th a t prices, GDP and foreign in terest ra te s  may be 
1(0). For the remaining variables, the term s of trade , wages and 
world output, the null hypothesis of nonstationarity  fa ils  to  be 
re jected  using any of the te sts . This may be due to  either the series 
being tru ly  nonstationary or the low power associated with the te sts .
In the Murphy Model the s ta tionarity  or otherw ise of the series 
is conditional upon w hether the exogenous variables in the system are 
sta tionary  or nonstationary. In standard  simulations with the Murphy 
Model, shocks have no permanent e ffec ts  and all variables re tu rn  to 
the ir equilibrium grow th path.
Given th a t the unit root te s ts  can either accept or re je c t the 
null hypothesis of non-stationarity  fo r a number of series depending 
on the te s t  used and the trea tm en t of s tru c tu ra l breaks in the trend  
and in tercept term s, two alternative approaches are  used fo r building 
the VAR. In the f i r s t  approach, to ensure impulse responses have no 
perm anent e ffec t (sim ilar to  the Murphy Model), all series are  
assumed to be sta tionary  around a time trend  with a s tru c tu ra l break, 
and a VAR model in levels is built. In the second approach, all 
series are  assumed to be 1(1) and a VAR is built fo r all variables in 
f i r s t  difference.
^Evidence th a t in te rest ra te s  are  1(1) has been found fo r other 
countries across a wide range of d ifferen t series (see Anderson et al 
(1990)).
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2 .2 .3 . Lag L en g th
The choice of the  lag length is an im portan t consideration  in a
VAR. The Akaike Inform ation  C riterion  (AIC), the  Schw arz C rite rion
(SC), the  Hannan-Quinn C riterion  (HQC), fo re c a s t Root Mean Square
E rro r  (RMSE) values, and Likelihood Ratio (LR) te s ts  fo r  the
sign ificance of the  lagged variab les a re  a ll used to  determ ine the  
7
optim al lag length. The re su lts  a re  rep o rted  in Table 2.2  fo r  both 
models, w here fo u r is assum ed to  be the  maximum lag length.
For the  model in f i r s t  d iffe ren ces , the  c r i te r ia  chooses lags 
one and th re e  as optim al. This finding is supported  by te s tin g  the
jo in t null hypothesis th a t  lags tw o and fo u r a re  equal to  zero  in the  
u n re s tr ic te d  VAR model. P ost-sam ple fo re c a s ts , fo r  the  period
1988.2-1990.1 (also rep o rted  in Table 2.2), based on p a ra m e te r  
e s tim a tes  over the  period 1976.1-1988.1, point to w ard s a model w ith
lags one and two.
For the  model in levels, the  AIC finds fo u r to  be the  optim al 
lag length  w hereas SC and HQC se lec t one and th re e  and one as the 
optim al lengths, respectively . The LR te s t  fo r  the  sign ificance of 
the  co e ffic ien ts  accep ts  the  null hypothesis th a t  the  fo u rth  and
7
The th re e  c r i te r ia  a re  ca lcu la ted  as,
AIC = log I r  I + - j r  hp2
SC = log IZI + l0 g | T ) hp2
HQC = log 12 1 ♦ 21° g(1° g (T )) hp2
w here E  is the  res id u a l covariance m atrix , p is the  num ber of 
equations in the  system  and h is the  num ber of lags. The lag length  
chosen is the  one which m inim ises the  c r i te r ia .
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th ird  lags a re  zero. The te s t  th a t  the  o ther coeffic ien ts  a re  zero  is 
re je c te d  a t  the  one per cent level. Examining the fo re c a s t 
perfo rm ance of these models, the  VAR w ith  lags one and two fo re c a s ts  
b e tte r  th an  all of the  o ther models. Based on these  findings, lags
g
one and two a re  used in both the levels and d iffe renced  models.
2.2 .4 . A B r ie f  D e s c r ip t io n  o f  th e  M urphy Model
The Murphy Model is a m acroeconom etric model of A ustra lia  
developed in p a r t  a t  the  A ustra lian  N ational U niversity. The m odel’s 
sh o rt- ru n  p ro p ertie s  can be com pared w ith the  Dornbusch model, 
re f lec tin g  the  s im ila rity  of some key assum ptions: (i) sticky p rices
in labour and n o n -trad ed  goods m arkets; and (ii) flex ib le  p rices and 
ra tio n a l expecta tions in a sse t m arkets. At the  same tim e considerable 
em phasis is placed on long-run  p ro p ertie s , specifically : (i) in the
long run  p roducers engage in optim ising behaviour su b jec t to  a 
production function; and (ii) the  in te rtem pora l budget co n s tra in ts  of 
the  p riv a te  and public sec to rs  a re  observed. Regarding econom etric 
p rocedures, the  model is estim ated  using q u a rte rly  tim e se ries  d a ta , 
the  g e n e ra l- to -sp e c if ic  approach is used to  a rriv e  a t equation 
dynamics, and all equations a re  su b jec t to  extensive d iagnostic  
tes tin g . The model contains n ineteen behavioural equations and 
seventy-one iden tities .
g
The re s u lts  from  using lags one and th re e  a re  essen tia lly  the  same. 
However, the  impulse response functions exhib it a much s tro n g e r 
cyclical p a tte rn  due to  the  ro o ts  of the  system  being close to  the  
unit c irc le .
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2.3 . I d e n t i f i c a t i o n
The VAR model in equations (2.2) and (2.3) is a reduced fo rm  
system  in which th e re  a re  no contem poraneous re la tionsh ip s  betw een
the variab les, and the  d istu rbances a re co rre la ted  acro ss the
equations. To obtain  equation (2.1) w ith the p roperty  th a t
contains a  se t of orthogonal d istu rbances, it  is necessary to
consider a se t of ju s t- id e n tify in g  re s tr ic tio n s  fo r  (2.2) o r (2.3). 
This im plies th a t  the  impulse shocks to  the d istu rbance  of an
individual equation can be given some economic in te rp re ta tio n  as it
can be t re a te d  as a shock to  a p a rtic u la r  s tru c tu ra l  economic
rela tionsh ip . This c o n tra s ts  w ith  equation (2.2) w here the covariance 
m a tr ix  is non-diagonal and a shock is from  some com bination of the  
re la tionsh ip s . Of course th e re  may not e x is t a su ff ic ie n t num ber of 
valid re s tr ic tio n s  to  enable the  id en tifica tio n  of orthogonal
s tru c tu ra l  innovations.
The s tru c tu ra l  model co effic ien ts  (C , i = 0, 1..........  h, D, F
and 0) can only be iden tified  from  the  reduced fo rm  VAR co effic ien ts  
(A^ i = 1, 2, . . . ,  h, B and E) by imposing some id en tif ica tio n  
re s tr ic tio n s  on the  m a tr ix  of contem poraneous e ffe c ts , Cq, and the  
m a tr ix  of how the  s tru c tu ra l  innovations appear in each of the  
equations, F. Id en tifica tio n  re s tr ic tio n s  a re  necessary  because in a 
seven equation system  th e re  a re  po ten tia lly  fo rty -tw o  co effic ien ts  in 
each o f Cq and F as each variab le /innovation  can appear 
contem poraneously in each equation (given the  leading diagonal of Cq
and F a re norm alised to unity). However, the only inf o rm ation
available to re tr ie v e  these co effic ien ts  is from the  tw en ty -one
unique o ff-d iag o n a l elem ents of the  residua l covariance m atrix  of the
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VAR model, Z.
Sims (1980) obtained a s tru c tu ra l model from  a VAR model by
assuming th a t the m atrix  F is diagonal and Cq is lower triangular,
9
i.e. the system is recursively ordered. The problem w ith th is 
analysis is th a t the resu lts  can be highly dependent upon the 
ordering, which tends not to  be based upon economic theory. Using 
sim ilar variables to those considered in th is  chapter, Sims’ (1980) 
ordering was money, GDP, unemployment, wages, domestic prices and 
im port prices.
Blanchard (1989) presents a variation  of Sims (1980) recursive
ordering in which limited sim ultaneity is perm itted between the
variables (C is not lower triangu lar) and some s tru c tu ra lo
disturbances appear in more than one equation (F is not diagonal), in 
exchange fo r additional restric tio n s  on Cq and F. Blanchard (1989) 
claims the restric tions are  explicit and have an economic 
in terp re ta tion , which stands in con trast to  the implicit restric tions 
of the Sims (1980) recursive ordering. The Blanchard (1989)
s tru c tu ra l model is
v = c e + e (2.6)
y  12 0  d
9This is equivalent to  doing a Cholesky Decomposition of the residual 
covariance m atrix  from  the VAR (reduced form) equation. Define L as 
the lower diagonal m atrix  from  the Cholesky Decomposition and D as 
the diagonal m atrix , then
LDL' = 1
ignoring the term s and premultiplying equation (2.3) by L 1 yields 
L_1X = L_1A(L)X + L_1e
— t  — t  t
which is the same as applying OLS to the recursive system. The 
covariance m atrix  of the transform ed disturbance term  is diagonal as
Var(L~le) = v a r« )  = L ^IL "1' = Q.
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un = a y + e 2r 0 (2.7)
( 2 . 8 )
w = a un + a p + c e„ + e 
42 43^  42 0 (2.9)w
m = a y + a un + a p + a w + e ,  
51 52 53 54 m
( 2 . 10)
w here e , e_, e , e and e rep re sen t innovations in demand,
d 0  p w m
p ro d u ctiv ity /lab o u r supply, p rices, wages and money, respectively . 
This model in troduces fou r e ffe c ts  th a t would not be found in a 
recu rsive  o rdering  approach. Wages appear in the  p rice  equation 
in troducing  sim ultaneity  betw een w ages and p rices. In addition, the 
p ro d u ctiv ity /lab o u r supply innovation also appears in the  price , wage 
and ou tpu t equations. In the  price  and output equations, 
p ro d u ctiv ity /lab o u r supply innovations m ost likely re f le c t  a change 
in p roductiv ity  and hence unit labour costs, w h ilst in the  wage 
equation they  re f le c t  a change in labour supply o r productiv ity . To 
allow  these  fo u r additional e ffe c ts , while s ti l l  m aintain ing a 
ju s t- id e n tif ie d  system , fo u r additional id en tifica tio n  re s tr ic tio n s  
a re  applied to  C and F. These a re  a = a  = 0 ,  a = 0 . 1  and c =
0 32 41 34 32
i .10
Nickell (1990) developed a com petitive and non-com petitive model 
fo r  unemployment, using a s ix  equation agg rega te  dem and/supply system  
in GDP, unemployment, money, labour supply, p rices and rea l wages. 
R egard less of the  level of com petition  assum ed, both models suggest 
an o rdering  of money a t  the  top of the  system  w ith  unemployment, rea l 
w ages and ou tpu t sim ultaneously  determ ined.
10Using A ustra lian  d a ta , th e re  is l i t t le  p rac tic a l d istinc tion  betw een 
B lanchard’s model and one which has a  recu rsive  o rdering  of output, 
unemployment, p rices, w ages and money.
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Finally, the Murphy Model suggests an ordering of money, real 
wages, output and unemployment, although the contemporaneous effec ts  
w ithin the Murphy Model tend to be weak.
Due to the d ifficulty  in determining an appropriate ordering of 
the system th ree separate  identification res tric tions are tried . The 
f i r s t  recursive ordering has an ordering of the world variables 
(world output, term s of trade  and world in terest ra te s), money, real 
wages, output and unemployment, which is broadly consistent with the 
Murphy Model. The second identification res tric tio n  is a p a rtia l 
reverse recursive s tru c tu re  of world in terest ra te s , term s of trade , 
world output, money, unemployment, output, and real wages. For the
th ird  identification restric tio n the reduced form VAR model is
trea ted  as being a s tru c tu ra l model in which there are no
contemporaneous effec ts  and it is assumed th a t the covariances
between the VAR residuals go to zero asymptotically, i.e. Cq = F = I.
This chapter focuses on the f i r s t  identification res tric tio n  of 
the Murphy recursive ordering to enable a more d irect comparison with 
the Murphy Model. In all reported  cases, the m atrix  F on the 
s tru c tu ra l disturbances is assumed to be diagonal.
In these models feedback e ffec ts  from  the domestic economy to 
the world variables unrealistically  imply th a t A ustralia is
sufficiently  large to a ffec t the re s t of the world. An a lternative 
model sp lits the system into a foreign and domestic sector and no 
feedbacks are  allowed from  the domestic economy to the re s t of the 
world sector. The resu lts  assuming no feedback from  the domestic 
economy to the re s t of the world are  not reported as they represen t 
little  change from  the basic resu lts.
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2.4. E s t im a t io n
The re su lts  from  estim ating  the u n res tric te d  VAR model a re  
rep o rted  in Table 2.3 fo r  both levels and f i r s t  d iffe ren ces , fo r  the 
period 1976.1-1990.1. In addition  to  the  lags of each variab le , a
constan t, a tim e tre n d  and s tru c tu ra l  b reaks a t  1982.2 in the  
constan t and tim e tre n d  a re  included in the  levels specifica tion . In 
the  levels model th is  im plies th a t  each variab le  has an equilibrium  
grow th  pa th  determ ined  by the tim e trend . For the  d iffe renced  model, 
the  p resence of a constan t im plies th a t  the  equilibrium  grow th  path  
is a random  walk w ith  d r if t .
When te s tin g  under the  null hypothesis th a t  the  elem ents in the  
reduced fo rm  d istu rbance  vector a re  orthogonal, the  d istu rbances of 
the  VAR (reduced form ) can be tre a te d  as s tru c tu ra l  innovations. The
7 7
2
jo in t te s t  of residua l orthogonality  is ca lcu la ted  as T ^r^,
2 2and is d is tr ib u ted  as y  > w here r  is the  square  of the  co rre la tio n
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co effic ien t betw een the  res id u a ls  from  the  ith and j th equations (see 
Breusch and Pagan (1980)). For the  levels d a ta  the  null hypothesis of 
a  diagonal covariance m a tr ix  is re je c te d  a t  the  ten  per cent level, 
while fo r  the  d iffe renced  d a ta  i t  is re je c te d  a t  the  five per cent
level. This im plies th a t  id en tifica tio n  re s tr ic tio n s  on the
non-diagonal Z  m a tr ix  need to  be imposed to  obtain  orthogonal
d istu rbances.
2.4.1. V ar ian ce  D e c o m p o s it io n
Table 2.4 decomposes the  variance of the  kth s tep -ah ead  fo re c a s t 
e r ro r  fo r  each of the  v ariab les  in the  levels model according to  the
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contribution by each innovation. In all cases, the assumed model is a 
s tru c tu ra l VAR using the Murphy ordering. The variance decomposition 
of unemployment fo r the levels model, a t one step ahead, shows th a t 
84.5 per cent of all variation in unemployment is caused by 
unemployment shocks, while 9.2, 4.6 and 1.4 per cent is caused by 
shocks to world in terest ra te s , money shocks and world demand, 
respectively. The remaining shocks account fo r less than one per cent 
of movements in unemployment a t one-step ahead. At th irty -s ix  steps 
ahead unemployment shocks account fo r only 26.4 per cent of all 
movements in unemployment over the period while world in terest ra te s  
account fo r 25.4 per cent.
The variance decomposition shows th a t between sixty and
seventy-five per cent of the movements in the world output, world
in terest ra te s  and the term s of trade  can be explained by these three
variables a f te r  th ir ty -s ix  q u a rte rs .^  These world variables also
account fo r substan tial amounts of the fluctuations in the domestic
economy. In particu la r, they account fo r fo rty  per cent of movements
in unemployment and GDP and around tw enty per cent in money and real
wages. Of the world variables, in terest ra te s  dominate, accounting
fo r tw enty-five per cent of unemployment movements and tw enty-tw o per
cent of output movements. Blanchard (1989) notes th a t innovations in
demand and productivity are  responsible fo r most of the variations in
12output and unemployment up to seven years ahead. In th is model,
Imposing the re s tric tio n  of no feedback from  the domestic economy to 
the world economy does not seriously a ffec t the resu lts  fo r either 
model and ensures th a t the world variables explain one hundred per 
cent of the ir own variation.
12Productivity innovations cannot be distinguished from  labour supply 
innovations as both are  incorporated in the unemployment disturbance
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innovations in demand and productiv ity  account fo r  fo r ty - fo u r  per 
cent of the  varia tion  in GDP and th ir ty - fo u r  per cent of the  
va ria tio n  in unemployment a f te r  th ir ty - s ix  q u a rte rs , w ith own 
variab le  shocks dom inating in both cases.
Of the  rem aining dom estic variab les, the  money shock accounts 
fo r  up to  nineteen per cent of movements in ou tpu t, ten  per cent of 
movements in unemployment and tw enty  per cent of movements in rea l 
wages. In the  system  as a whole, dom estic demand shocks along w ith 
labour supp ly /p roductiv ity  shocks play a m inim al ro le  in accounting 
fo r  m ovem ents in any variab le  o ther than  th e ir  own. The e ffe c ts  of 
a rea l wage shock a re  also  sm all, im pacting m ost upon i ts e lf  and 
money.
The re su lts  fo r  the  d iffe renced  model a re  sligh tly  d iffe re n t
from  those of the  levels model. The variance decom position in the
d iffe renced  model is rep o rted  fo r  the  variab les  in both d iffe renced
13form  (Table 2.5) and in level form  (Table 2.6). In both cases the 
own variab le  shock is dom inant. For GDP and unemployment, w orld 
demand accounts fo r  considerable  movements and re a l w ages play a 
s tro n g e r ro le  in de term ining  the  changes, bu t not the  level of the 
variab les. Money shocks a re  now much w eaker, although they s till  
account fo r  considerable m ovem ents in the  rea l wage variab le.
The 1990/91 T reasu ry  Budget papers suggest th a t  v a ria tio n s  in 
the  te rm s  of tra d e  "can have an im portan t im pact on the  cyclical 
behaviour of the  economy" (p.2.13 including c h a rt 7, panel A). The
term . The ro le  of th is  innovation w ill be d iscussed more fu lly  la te r .
13For th e  d iffe renced  model a t  an in fin ite  s tep  horizon the  variance 
of the  level variab les  is in fin ity  and the  decom position does not 
make sense.
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evidence here  suggests th a t these e ffe c ts  a re  a t  best sm all com pared 
to  those of w orld output and w orld in te re s t ra te s  as well as money. 
In both models the  ro le of the  te rm s of tra d e  in determ ining ou tput 
movements is weak. While shocks to  te rm s of tra d e  can be expected to 
a f fe c t  g ross na tional expenditure  (GNE) due to  the  income e ffe c t of 
an im provem ent in re la tiv e  p rices betw een A ustra lia  and the  r e s t  of 
the  w orld, i ts  e ffe c t on GDP will be less due to  the adverse movement 
in net expo rts . The T reasu ry  also claim s th a t  wage con tro l, th rough 
the Accord, is an im portan t p a r t  of contro lling  the economy (p.2.35). 
The find ings question the  suggestion th a t  rea l wage shocks a re  
im portan t, as they account fo r  only a sm all p a r t  of the  movements in 
GDP.
In conclusion, it  appears  from  these  model re su lts  th a t  w orld 
variab les a re  an im portan t source of shocks to  the  A ustra lian  
economy, and th a t  th is  will blunt the  governm ent’s ab ility  to 
influence the  A ustra lian  economy using conventional policy
in strum en ts. An a lte rn a tiv e  exp lanation  is th a t  the  governm ent is 
adopting coun ter-cyc lica l policies, o ffse ttin g  the  influence of 
dom estic shocks. The use of a  VAR model, r a th e r  th an  a fu ll
s tru c tu ra l  model m eans th a t  it  is only possible to  iden tify  the  sum
of the  shock and the  coun ter-cyc lica l policy on the  o ther variab les 
in the  system . Hence, the  influence of the  dom estic variab le  shocks 
is n ecessarily  unders ta ted .
2.4 .2 . I m p u ls e  R e s p o n s e s
The previous section  estab lished  the  re la tiv e  s tre n g th s  of 
shocks to  w orld and dom estic variab les in determ ining movements in
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the  dom estic variab les. In o rder to  determ ine w hether the responses
of the economy to  these shocks a re  sensible, F igures 2.1.A to 2.1.G
and 2 .2 .A to  2.2.G rep o rt the  dynamic responses fo r  the level of each
of the  seven variab les to  a one s tan d a rd  deviation shock in each of
w orld demand, w orld in te re s t ra te s , te rm s of tra d e , dom estic demand, 
14unemployment, re a l w ages and money, fo r  the  f i r s t  d iffe renced  and 
levels VAR models, respectively . Both VAR models have the  Murphy 
recu rsive  s tru c tu re . The f ig u res  re p o rt one s ta n d a rd  deviation bounds 
obtained from  one thousand Monte Carlo sim ulations in addition to  the 
point e s tim a tes  of the  impulse responses.
The long-run  responses a re  m arkedly d iffe re n t fo r  the  two 
models. This is because a model estim ated  in levels, providing it is 
from  a s tab le  system , alw ays re tu rn s  to  its  o rig inal equilibrium  path  
given some shock. Again assum ing s ta b ility , a model estim ated  in 
f i r s t  d iffe ren ces , when shocked, w ill s e ttle  down on some new 
equilibrium  grow th  path , but th e re  is no reason  fo r  th is  to  coincide 
w ith  the  old equilibrium  grow th  path . The explanation  fo r  th is  is 
outlined in Supplem ent A. In sum m ary, the  nonsta tionary  random  walk 
se rie s  (equation (S.A .l) w ith  a  = 1) can alw ays be w ritte n  as an 
in fin ite  sum of the  lagged e r ro rs  (w ith a un it coe ffic ien t on each of 
the te rm s), so th a t  any shock to  these  e r ro rs  will p e rs is t 
indefin itely . For a s ta tio n a ry  se rie s  the  coeffic ien t on the  e rro r  
te rm  declines geom etrically  tow ards zero  and any shock will only have
14Unemployment = Labour Supply -  Employment, consequently unemployment 
shocks a re  a ttr ib u te d  to  both employment shocks, which will be 
in te rp re te d  as p roductiv ity  shocks, and shocks to  labour supply, 
which a re  p a rtic ip a tio n  shocks. These shocks a re  expected to  have 
d iffe re n t e ffe c ts  on th e  rea l wage ra te . With an increase  in 
p roductiv ity  ra is in g  the  rea l wage and an increase  in the  labour 
supply low ering the  re a l wage.
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a tem porary  e ffe c t. Consequently, in com paring the two responses it 
is im portan t to  only com pare the sh o rt- te rm  responses (betw een five 
and eight q u a rte rs  ahead).
2.4.2.1. D i f f e r e n c e d  Model
The shocks to  the w orld variab les all have the an tic ip a ted  
e f fe c t  on each o ther in the  d iffe renced  model (F igures 2.1. A to  
2 .1 .0  suggesting  th a t  enough w orld variab les have been included to 
ca p tu re  the  m ajo r in te rac tio n s . These variab les have su b s tan tia l 
e ffe c ts  on the dom estic economy and the  shape of the  impulse response 
functions is believable fo r  the m ajo rity  of shocks. Consequently, 
a tte n tio n  f  ocuses on the dom estic variab le  responses to  the  seven 
shocks.
An increase  in w orld demand (Figure 2.1. A) sign ifican tly  
in creases  dom estic output by a s im ila r amount to  the  increase  in 
w orld  demand, while sign ifican tly  reducing unemployment below its  
equilibrium  base path . The o ther dom estic variab le  responses a re  
in sign ifican tly  d iffe re n t from  th e ir  base path , although the  signs 
a re  s ti l l  c o rre c t, w ith  r ise s  in both rea l w ages and money.
A te rm s of tra d e  shock (Figure 2.1.B) has a very sm all and 
in sig n ifican t e ffe c t on w orld ou tpu t, while sign ifican tly  increasing  
w orld  in te re s t  ra te s . Dom estically, rea l w ages, money and ou tput all 
expand follow ing an in itia l fa ll, but the  responses are
in sign ifican t. While ou tpu t m ust eventually  increase , the  in itia l 
fa l l  can be explained by net ex p o rts  (substitu tion  e ffe c t)  responding 
m ore quickly than  the  income e ffe c t from  an im provem ent in the  te rm s 
of tra d e . Unemployment fa l ls  s ign ifican tly , to  0.25 per cent below
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the  base.
A w orld in te re s t r a te  shock (2.1.C) has a large  negative e ffe c t  
on w orld output and a sm aller, in sign ifican t negative e ffe c t on 
dom estic output. The sm all dom estic response to  w orld in te re s t  r a te s  
could re f le c t  the  o f f - s e t t in g  e ffe c ts  of dep recia tion  of the  exchange 
r a te  and the  corresponding  im provem ent in net expo rts , ag a in st the  
recessionary  im plications of a  tig h t m onetary  policy fo rced  upon 
A ustra lia  from  the r e s t  of the  world. As w ith  output, the  response of 
the  o th er dom estic v ariab les  a re  in sign ifican t.
A money shock has an in itia lly  s ig n ifican t GDP response, r is in g  
0.25 per cent above i ts  previous equilibrium . The fa ll in
unemployment of 0 .2  pe r cent is also s ign ifican t. There is a la rg e  
and p e rs is te n t feed -th ro u g h  from  money to  rea l wages, and rea l w ages 
r ise  0 .6  per cent above equilibrium .
A re a l wage shock has a s ig n ifican t e ffe c t on unemployment as it
r ise s  0.1 per cent above its  previous equilibrium . There is an
in itia l s ig n ifican t increase in output. A fter two q u a rte rs the
recessionary  e ffe c t of a ris ing  rea l wage on employment and
p ro fita b ili ty  feeds th rough  to  fo rce  GDP below equilibrium , although 
th is  e f fe c t  is in sign ifican tly  d iffe re n t from  zero . Money expands 
w ith a  wage shock, th u s  o ffse ttin g , to  some ex ten t, the  decline in 
GDP and the  r is e  in unemployment.
Dom estic demand s ig n ifican tly  low ers unemployment by 0 .2  per 
cent, and money by 0 .4  per cent. The response of re a l w ages is 
in sign ifican t. Finally, a p ro d u ctiv ity /lab o u r supply shock 
s ign ifican tly  low ers re a l  wages. Output in itia lly  fa lls , a lthough 
th is  is s ig n ifican t fo r  only a single q u a rte r . The
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p ro d u ctiv ity /lab o u r supply shock has a strong  e ffe c t on the  r e s t  of 
the  w orld, sign ifican tly  increasing  w orld o u tp u t.^
Reversing the o rder of the  variab les in the  system  has only 
sm all e ffe c ts  on the  n a tu re  of the  responses. The main d iffe rences  
a re  th a t  rea l w ages now rise  th roughout in response to  a  positive 
shock to  both w orld and dom estic demand, and fo r  a rea l wage shock, 
GDP is alw ays below its  previous equilibrium  and by a la rg e r  amount. 
A flaw  in the  model is th a t  a labour supp ly /p roductiv ity  shock leads 
to  a fa ll in GDP 0.1 per cent below the  previous equilibrium .
Using the  reduced fo rm  VAR has l i t t le  e ffe c t on the  n a tu re  of 
the  re su lts . Although the  p a tte rn  of impulse responses rem ain 
unchanged, rea l w ages and the  te rm s of tra d e  become m ore s ig n ifican t 
causes of f lu c tu a tio n s  in GDP a t  the  expense of fo re ign  demand.
2 .4 .2 .2 . L e v e l s  Model
There is some divergence betw een the  levels model (F igures 2 .2 .A 
to  2.2.G) and the  d iffe renced  model responses. These a re  basically
the  response of money and rea l w ages to  a  w orld demand shock and the 
responses of ou tput and unemployment to  a w orld in te re s t r a te  shock. ^
The f i r s t  period responses of the  levels model a re  alm ost alw ays 
sm aller th an  those fo r  the  d iffe renced  model and a re , on the  whole, 
sligh tly  less believable. The r ise  in output and the  fa ll  in
unemployment in response to  a w orld in te re s t r a te  shock a re
^ C o n s tra in in g  the  dom estic variab les to  have zero  feedback to  the
re s t  of the  w orld does not su b stan tia lly  a ffe c t  any of the  re su lts  
discussed here.
^ T h e  responses of the  r e s t  of the  w orld to  a  shock in the  dom estic 
economy a re  ignored because imposing the  re s tr ic tio n  of no feedbacks 
has l i t t le  e ffe c t on the  re s u lts  fo r  the  dom estic economy.
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sig n ifican t, as is the  fa ll  in ou tput in response to  an improvement 
in the  te rm s of tra d e . A more a ttra c tiv e  fe a tu re  of the  level VAR 
model com pared w ith  the  d iffe renced  model is th a t  GDP increases in 
response to  a labour supp ly /p roductiv ity  shock, follow ing an in itia l 
fa ll. The in itia lly  s ig n ifican t r ise  in output fo r  a rea l wage shock 
in the  levels model, while in c o n tra s t to  the  d iffe renced  model, 
s ti l l  has economic ju s tif ic a tio n .
The reduced fo rm  model and the  model w ith the reverse  o rdering  
again produce re su lts  which a re  s im ila r to  the  o rig inal levels model. 
While the  in itia l responses change depending upon the  o rder, the 
overall p a tte rn  rem ains largely  unchanged.
2.5. The M urphy Model
These re su lts  a re  now com pared w ith  those derived from  the 
Murphy Model, the  equations fo r  which a re  outlined in de ta il in
Murphy (1990b). To com pare the  impulse response re su lts  from  the
s tru c tu ra l  VAR models w ith  those of the  Murphy Model it  is necessary  
to  apply com parable shocks. The res id u a ls  from  the  s tru c tu ra l  VAR 
w ith  the  Murphy o rdering  a re  com pared w ith  the  res id u a ls  from  the 
Murphy Model.
Table 2.7 re p o r ts  the  co rre la tio n  co effic ien ts  betw een residua ls  
from  the  tw o system s. For re a l w ages th e re  is a high degree of 
c o rre la tio n  betw een th ese  res idua ls  and those of wages; however, the 
c o rre la tio n  w ith  p rice s  is very weak. The res id u a ls  from  the
unemployment equation  a re  decomposed into employment and labour 
supply res id u a ls  accord ing  to  the  Murphy Model. The re su lts  suggest
th a t  i t  is movements in labour supply which make up the  m ajo rity  of
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the o ve ra ll movements in  unemployment compared to  em ploym ent 
movements, w ith  a ra t io  o f around tw o  and a h a lf  o r th ree  to  one. The 
dominance o f the  labour supply (p a r t ic ip a tio n  ra t io )  shock over the 
p ro d u c tiv ity  shock co n tra s ts  w ith  the evidence presented by B lanchard
(1989). The p ro d u c tiv ity innovations f  o r the U.S. w ere f  ound to
dom inate labou r supply innovations by a f  a c to r o f th re e  (see
B lanchard (1989, p. 1149)). In  add ition , the  papers by N icke ll (1990)
and Kyland and P resco tt (1982) argue th a t p ro d u c tiv ity  shocks
dom inate movements in  unemployment.
Using B lanchard ’ s (1989) approach, labour supply, employm ent and
ou tpu t innova tions are obta ined by reg ress ing  each o f these va riab les
on th e ir  own lags, and the lagged va riab les  fro m  the VAR model (tw o
lags a re  used). Regressing the em ploym ent innova tion  on the o u tpu t
innova tion  y ie lds  an es tim a te  o f the p ro d u c tiv ity  innova tion , w h ich
- 5has a va riance  o f 0.969x10 . The regress ion  o f the  labour supply 
innova tion  on the em ploym ent innova tion  y ie lds  an es tim a te  o f the
_5
p a r t ic ip a t io n  ra t io  innova tion , the variance  o f w h ich  is 0.352x10 ,
some tw o  and a h a lf  tim es sm a lle r than  the p ro d u c tiv ity  innovation.
Using the  M urphy res idua ls  in  place o f the labou r supply and
em ploym ent innova tions fro m  the  VAR model y ie lds  s im ila r  re su lts ,
w ith  the  va riance  o f the  p ro d u c tiv ity  innova tion  th re e  tim es la rg e r
than  the  variance  o f the  p a r t ic ip a tio n  innova tion . Combining these
tw o  f in d in g s  im p lies  th a t a one s tandard  dev ia tion  shock in  labour
supply o r employm ent w i l l  have s im ila r  e ffe c ts  on unem ploym ent
because the  la rg e r  c o e ff ic ie n t on labou r supply in  the reg ress ion  is
17o ffs e t  by the sm a lle r s tandard  e r ro r .
17The equation s tandard  e r ro r  estim ates fo r  the  labour supply and
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The ou tput res idua ls  a re  m ost highly co rre la ted  w ith  the 
res id u a ls  from  the investm ent in dw ellings equation. The co rre la tio n  
w ith  consum ption, which accounts fo r  around six ty  per cent of GDP, is 
much sm aller, while the co rre la tio n  w ith  business fixed  investm ent 
lies betw een the tw o, although it is la rg e r  fo r  the  d iffe renced  
equation. A co rre la tio n  co effic ien t betw een ac tua l and f i t te d  values 
f  or the  linea r reg ression  of the  th re e  variab les aga in st GDP is 
s ig n ifican t a t  the  five per cent level fo r  the  d iffe renced  model and 
a t  the  ten  per cent level fo r  the  levels model.
For the  Murphy Model the  unemployment shock is in te rp re te d  as a
labour supply or a p roductiv ity  shock (the productiv ity  shock taken
to  be a negative employment shock). As the re su lts  from  the  two
shocks a re  very s im ila r, only productiv ity  shocks w ill be rep o rted . A
demand shock consists  of shocks to  investm ent in dwellings,
investm ent in business fixed  investm ent, and consumption; a rea l wage
18shock is a shock to  nominal wages. For the  exogenous variab les, 
excluding money, the  shocks correspond to  the  impulse responses from  
the  VAR model in levels fo r  all of the  exogenous variab les. The 
a lte rn a tiv e , which shocks each exogenous variab le  sep ara te ly , assum es 
th a t  the  exogenous variab les  a re  s trong ly  exogenous and independent 
of one ano ther. For a  money shock th e re  is assum ed to  be no feedback 
e ffe c ts  to  the  r e s t  of the  world.
labour demand equations fo r  the  Murphy model a re  0 .0027 and 0.0049, 
respectively . The equation  s ta n d a rd  e r ro r  e s tim a tes  f  o r the  level 
equations a re  0 .0030  and 0 .0038, respectively , and 0 .0038 and 0.0045 
fo r  the  d iffe renced  model.
18Ju s t shocking dwelling investm ent does not change the  sim ulations to 
any g re a t ex ten t, in te rm s  of the  m acroeconom ic variab les of 
in te re s t.
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In the M urphy Model a shock to  w o rld  com m odity p rices  is used to  
co n s tru c t a shock to  the te rm s o f trade . The w o rld  com m odity p rice  
va ria b le  is  m u ltip lie d  by tw o  and a h a lf to  equate i t  to  a te rm s  o f 
tra d e  shock. Money is shocked e x p lic it ly ,  as are w o r ld  s h o r t- te rm  
in te re s t ra tes . A w o rld  demand shock is p rox ied  by a shock to  fo re ig n  
im p o rt demand. Appendix 2. A discusses more fu l ly  the shocks imposed 
on the  M urphy Model.
The re s u lts  fro m  the  im pulse shocks are re p o rte d  in  F igures 
2 .3 .A to  2.3.G ; on ly the response o f the endogenous va riab les  ou tpu t, 
unemployment, re a l wages and nom inal wages are repo rted .
A w o rld  demand shock on ly  d ire c t ly  a ffe c ts  the dom estic economy 
th rough  the increase in  the  demand fo r  expo rts . W ith  an assumed near 
h o r iz o n ta l demand schedule the  o ve ra ll e ffe c ts  on the dom estic 
economy are  m in im a l. However, the re  is a la rg e r in d ire c t e ffe c t  
th rough  the in fluence  o f an increase in  w o rld  demand on the te rm s o f 
tra d e  (w o rld  com m odity p rices ). O vera ll the  responses are s im ila r  to  
those o f the  VAR model in  leve ls; ou tpu t increases by up to  0.15 per 
cent a f te r  th ir te e n  q u a rte rs , re a l wages also increase, w h ile  nom inal 
wages and unem ploym ent both  fa l l .
A te rm s  o f tra d e  shock has a la rg e r  e f fe c t  on the dom estic 
economy than  a w o rld  demand shock o f the same size. Nom inal wages 
f a l l  f o r  some f i f te e n  q u a rte rs , w h ile  re a l wages r ise . GDP increases 
fo r  tw e n ty  q u a rte rs  above i ts  p revious e q u ilib r iu m , w ith  a m axim um  
increase o f 0 .3  per cent. The response o f GDP co n tra s ts  w ith  the VAR 
model where ou tpu t f e l l  and then rose due to  in i t ia l  adverse net 
e xp o rt movements. Unem ploym ent moves in  an opposite manner to  GDP, 
fa l l in g  in i t ia l ly  by up to  0.10 per cent.
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World in te re s t ra te s  have a sm all e ffe c t in the Murphy Model, 
due to  the  very tem porary  n a tu re  of the w orld in te re s t  r a te  shock 
obtained from  the  VAR model. A m ore p e rs is te n t in te re s t r a te  shock 
produces much la rg e r  responses. The n a tu re  of the  responses a re  more 
sensible th an  those from  the  VAR model in levels. Nominal w ages rise , 
while re a l w ages fa ll. Output fa lls  and unemployment r ises .
Money shocks perceived as tem porary  a ffe c t  the  rea l variab les 
th rough  s h o r t- te rm  in te re s t r a te s  which have a d irec t e ffe c t on 
ac tiv ity . The responses of the  rea l variab les a re  cyclical and nearly  
iden tica l to  those of the  VAR model in levels. Real and nom inal wages 
both rise . Output r ise s  fo r  nine q u a rte rs  before  fa lling  fo r  seven 
q u a r te rs  w hereas unemployment behaves in a reverse  fashion.
A re a l wage shock produces su b s tan tia l movements in all 
variab les in the  Murphy Model. Output fa lls  by up to  0 .9  per cent, 
while unemployment r ise s  by 0 .4  per cent. Nominal and rea l w ages both 
rise ; in itia lly  rea l w ages r ise  by 1.2 per cent, re f lec tin g  the  zero 
contem poraneous coeffic ien t on w ages in the  price equation.
A demand shock again  produces re su lts  which a re  essen tia lly  the 
sam e as those of the  VAR model in levels. Nominal w ages r ise  by up to  
0.5 per cent and re a l w ages also r ise  a f te r  a  sm all fa ll. The 
behaviour of ou tput and unemployment is cyclical, w ith  output 
increasing  fo r  five q u a rte rs . Unemployment has a s im ila r, although 
reverse , p a tte rn  to  th a t  of ou tput, and in itia lly  fa lls  by as much as 
0 .2  per cent.
Finally , fo r  a p roductiv ity  shock the variab les in both the 
Murphy Model and the  VAR model in levels respond in the  sam e m anner. 
In p a rtic u la r , nominal and rea l w ages fa ll, ou tput r ise s  by up to  0.3
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per cent a f te r  tw elve q u a rte rs , and unemployment increases and 
rem ains above equilibrium  fo r  seven q u a rte rs . The output response is 
s im ila r to  th a t  found by Blanchard (1989) w ith  output in itia lly  
fa lling , a phenomena which Blanchard is unable to  explain.
Table 2.8 re p o rts  the  re su lts  from  a variance decom position fo r  
a tem porary  shock to  each of the  seven variab les fo r  the  four 
endogenous variab les, assum ing th a t  all movements in these  variab les 
can be ascribed  to  one of the  seven shocks considered. Given a belief 
th a t  the  tem porary  shock to  fo re ign  in te re s t ra te s , as re f lec ted  in 
the  VAR model, is too tem porary  then the  percen tage  f ig u res  a re  
o v e r-ex ag g era ted  m easures of each v a riab le s’ influence, excluding 
th a t  of the  w orld in te re s t ra te .
For th is  model it  is rea l wage shocks which have been the  m ajo r 
cause of f lu c tu a tio n  in all v ariab les in the  long run, accounting fo r  
s ix ty - fo u r  per cent of ou tput, seventy-seven per cent of unemployment 
and s ix ty -n in e  per cent of rea l w ages. In the  long run, te rm s of 
tra d e  co n trib u te  to  rea l wage movements through th e ir  e ffe c t on 
p rices, and demand causes f if te e n  per cent of the movement in output.
In the  sh o rte r  run  rea l wage shocks account fo r  a sm aller amount 
of the  movements in the  o ther variab les. Demand shocks a re  a m ajor 
de te rm inan t of ou tpu t and unemployment ac tiv ity  and productiv ity  
shocks a re  responsib le fo r  a  large  am ount of unemployment movements. 
The te rm s  of tra d e  shocks have a s tro n g e r influence th an  th a t  
suggested  in the  VAR models. The su b s tan tia l ro le  given to  rea l wages 
shocks in the  Murphy Model is caused by tw o fa c to rs . F irs t , the 
d ire c t e ffe c t  w ages have in determ ining  prices, p roductiv ity  and 
output. Second, the  assum ed s tick iness of wages, which ensures th a t  a
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wage shock is very p e rs is te n t. F igure 2.3.E  shows th a t  unemployment 
takes tw en ty -seven  q u a rte rs  to  re tu rn  to  its  equilibrium , rea l wages 
f if te e n  q u a rte rs  and output tw en ty-seven  q u a rte rs  a f te r  a wage shock. 
Excluding the  influence of rea l wages, the  variance decom position 
breakdow n is s im ila r to  th a t  of the  VAR model in levels, suggesting 
th a t  the  d iffe ren ce  in the re su lts  is p rim arily  dom inated by the  rea l 
wage e ffe c t in the  Murphy Model.
2.6. C o n c l u d i n g  R e m ar k s
The analysis of the  causes of f lu c tu a tio n s  in the  A ustralian  
economy over the la s t f if te e n  years  yields s im ilar re su lts  using both 
of the  VAR models and the  Murphy Model. The d iffe renced  VAR model 
suggests th a t  i t  is p rim arily  w orld variab les, and in p a rtic u la r, 
w orld demand which has dom inated f lu c tu a tio n s  in economic activ ity . 
Term s of tra d e  and w orld in te re s t r a te  shocks account fo r  only a 
sm all am ount of the  movements in ou tput o r any of the  o ther variab les 
in the  system . Of the  dom estic variab les, money and dom estic demand 
shocks have been a m ajo r source of f lu c tu a tio n s  in GDP. The levels 
model also shows th a t  w orld variab les have an im portan t ro le  in 
determ ining dom estic ac tiv ity , bu t in th is  case it  is w orld in te re s t 
r a te s  which a re  of prim e im portance. Money and dom estic demand also 
play an im portan t ro le. Term s of tra d e  and rea l w ages seem to  account 
fo r  only sm all am ounts of movements in ac tiv ity  as does labour 
supp ly /p roductiv ity  shocks.
Evidence from  both models suggests th a t  w orld variab les a re  
im portan t in determ in ing  movements in the  dom estic economy w ith  a 
sm aller ro le  fo r  in te rn a l events. The impulse responses from  the  two
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VAR models a re  alike fo r  the  m ajo rity  of shocks considered, a t  least 
up to  eight q u a rte rs  ahead, and m ost of these  a re  consisten t w ith 
economic theory .
The impulse responses of the  dom estic variab les from  the
d iffe ren ced  VAR model and B lanchard’s (1989) model a re  s im ila r fo r 
both demand and wage shocks. Demand shocks in both models reduce rea l 
wages, money and unemployment, although in the  B lanchard (1989) model 
unemployment only rem ains below equilibrium  fo r  nine q u a rte rs . 
Responses to  wage shocks a re  again sim ila r in the two models, w ith
the  exception of money which c o n tra c ts  in B lanchard’s (1989) model. 
The m ajo r d iffe ren ce  betw een the  two models is in the  labour supp ly / 
productiv ity  shock. B lanchard (1989) has rea l wages rem aining largely  
unchanged and ou tput in itia lly  fa llin g  and then rising ; in th is  model
rea l w ages fa ll  by a large  m argin and output also fa lls  in itia lly  but 
never recovers to  lie above zero . The levels model behaves sligh tly  
more in line w ith  the  B lanchard (1989) model as ou tput fa lls  and then 
grow s in response to  a  labour supp ly /p roductiv ity  shock.
The find ings from  the  levels VAR model a re  s im ila r to  those of 
the  Murphy Model. This is p a rticu la rly  tru e  fo r  the  responses of both 
models to  money and dom estic demand shocks. Labour supp ly / 
p roductiv ity  shocks also produce variab le  responses which a re  
s im ila r, including an in itia l fa ll  in output. Responses to  w orld
demand shocks a re  also sim ilar. Term s of tra d e  shocks yield sligh tly  
d if fe re n t responses, w ith  ou tput in itia lly  fa lling  in the  VAR model. 
The m ajo r d iffe ren ces  betw een the tw o models a re  in response to  world 
in te re s t  r a te  and re a l wage shocks. The responses of variab les to  
w orld in te re s t  r a te s  a re  more re a lis tic  in the  Murphy Model as th e re
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is no perverse  in itia l increase in output or decrease  in
unemployment. Yet rea l wage shocks seem to be too large  and too 
p e rs is te n t in the Murphy Model.
Overall, the  re su lts  from  the  Murphy Model and the  s tru c tu ra l  
VAR model in levels w ith  the Murphy ordering  a re  s im ila r, excluding 
some of the  perverse  contem poraneous responses in the  VAR model and 
the  rea l wage e ffe c ts  in the  Murphy Model.
41
Table 2.1
Determining Stationarity
Perron and Phillips Z(ta ) and Z($3)
Lags
Variable 12 8 4 2
z(t )m -2.181 -2.702 -2.876 -2.786
tt -1.755 -2.038 -2.011 -1.731
P -2.008 -2.134 -2.185 -2.106w -1.298 -1.344 -1.282 -1.268
un -1.064 -1.375 -1.483 -1.290
y -1.491 -1.712 -1.873 -1.874fr -2.114 -2.081 -1.837 -1.657
fy -1.893 -1.888 -1.747 -1.552Z(4
m 3.050 4.667 5.158 4.902
tt 1.344 1.752 1.694 1.115
P 4.395 4.492 4.541 4.467w 2.277 2.251 2.211 2.203
un 0.084 0.463 0.636 0.333
y -0.362 0.273 0.656 0.657fr 0.957 0.776 0.032 -0.538
fy 0.990 0.768 0.441 0.001
Note: Critical Values for Z(t ) 10%: -3.12, 5%: -3.41
Critical Values for Z($^) 10%: 5.34, 5%: 6.26
Augmented Dickey-Fuller
Lags
Variable 4 2 1 0
m -3.410 -3.191 -3.015 -2.428
tt -3.424 -3.283 -2.155 -1.226
P -2.336 -1.955 -1.910 -2.008w -1.035 -1.371 -1.128 -1.174
un -1.497 -2.252 -1.717 -1.705
y -1.388 -1.909 -1.630 -1.678fr -1.808 -1.312 -1.588 -2.015
fy -1.964 -2.043 -1.574 -1.155
Note: Critical Values for ADF 10%: -3.12, 5%: -3.41
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Table 2.1 (cont'd)
Choi Test
Lags
Variable MA AR Inter Trend
m . 3809 .7510 192.6 . 6974
(.1241) (.0597) (4.526) (.1735)
tt .3551 .8157 86.41 -.0601
(.1345) (.0733) (34.77) (.0361)
P . 1341 . 8959 43.96 . 2057(.1325) (.0444) (17.46) (.0998)
w -.0231 . 9336 52.82 . 1219
( . 1336) ( . 0461) (34.26) (. m i )
un .4109 .8152 1.025 . 0110
(.1228) (.0718) ( .3144) ( .0826)
y . 0208 .8188 192.0 . 1340(.1313) ( . 0820) (86.67) (.0583)
fr -.2586 .9156 . 6407 . 0010
(.1260) ( . 0540) (.6063) (.0103)
fy .2080 .9001 56.27 . 0763(.1283) (.0609) (33.99) (.0438)
Note: Critical Values for ADF 10%: -3.12, 5%: -3.41 
Standard errors are in parentheses.
Perron's Augmented Dickey-Fuller
Variable Statistic Optimal Lag
m -3.447 4
tt -3.399 4
P -5.394 4w -2.325 2
un -7.004 2
y -4.552 2fr -4.702 0
fy -1.042 0
Note: Critical Values for Perron's ADF 10%: -3.96, 5%: -4.24
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Table 2.2
Determining the Lag Length in the VAR Models
Selection Criteria
Levels Eqn. Differenced Eqn.
Lag Length AIC SC HQC AIC SC HQC
1,2,3,4 -3.728 3.297 -0.998 0.131 7.156 2.861
1,2,3 -3.539 1.730 -1.492 -0.383 4.886 1.664
1/2 -2.854 0.658 -1.489 -0.227 3.286 1.139
1 -2.610 -0.854 -1.928 -0.636 1.120 0.046
1,3 -3.544 -0.031 -2.178 -0.684 -0.647 -1.721
Post-sample Forecast RMSEs
Differenced Model
Lag Length fy tt fr wp m y un
1,2,3,4 0.667 4.512 1.098 1.413 1.089 1.357 0.492
1,2,3 0.433 3.605 0.773 1.135 1.144 1.164 0.360
1,2 0.377 3.541 0.596 1.238 1.257 1.217 0.281
1 0.357 3.683 0.643 1.286 1.271 0.970 0.310
1,3 0.570 3.678 0.870’ 1.278 1.081 1.180 0.449
Levels Model
Lag Length fy tt fr wp m y un
1,2,3,4 2.064 21.88 1.697 1.326 1.216 2.358 0.235
1,2,3 0.462 25.07 2.953 1.461 2.329 1.857 0.495
1,2 1.123 20.55 2.233 0.906 1.695 2.239 0.286
1 1.312 22.43 3.368 2.982 2.350 2.248 0.345
1,3 1.760 24.74 3.679 2.570 2.059 1.953 0.559
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T a b l e  2 . 3
P a r a m e t e r  E s t i m a t e s  f o r  VAR S ys t e m  ( L e v e l  Model )
f y t t f r m wp y un
f y  i . 7 0 6 4 . 1939 . 8927 - . 1 5 7 0 - . 1 3 3 6 . 47 9 5 - .  0890
( . 1 5 6 8 ) ( . 5606) ( . 2 9 5 2 ) ( . 2 1 3 0 ) ( . 34 8 5 ) ( . 2639) ( . 0 7 4 2 )
f y  p . 1122 . 2622 - . 5 1 9 0 . 1236 - . 2 9 8 2 - . 4 8 2 4 . 1449
( . 1 5 6 9 ) ( . 5 6 0 9 ) ( . 2 9 5 4 ) ( . 2 1 3 1 ) ( . 3 4 8 7 ) ( . 2 6 4 0 ) ( . 0742)
t t . 0470 1 . 1 2 4 . 0607 . 1156 - . 0 4 3 6 . 0050 - . 0 2 9 9- 1 ( . 0436) ( . 1 5 5 9 ) ( . 0 8 2 1 ) ( . 0 5 9 2 ) ( . 0 9 6 9 ) ( . 0734 ) ( . 0206)
t t - .  03 49 - . 2 8 2 5 . 0462 - . 1 0 2 1 . 0137 - . 0 2 7 5 . 0237- 2 ( . 0 4 56 ) ( . 1 6 3 2 ) ( . 0 8 5 9 ) ( . 0 6 2 0 ) ( . 1 0 1 4 ) ( . 0 7 6 8 ) ( . 0 2 1 6 )
f r - . 0 7 4 5 - . 1 3 1 6 . 1620 - . 0 1 4 2 . 0489 . 1674 - . 0 5 7 5- 1 ( . 0 8 01 ) ( . 2 8 6 5 ) ( . 1 5 0 9 ) ( . 1 0 8 8 ) ( . 17 8 1 ) ( . 1 3 4 8 ) ( . 0 3 7 9 )
f r - . 0 1 2 6 . 0783 - . 0 2 1 5 - . 0 4 6 7 . 1936 . 2354 - . 0 3 4 2- 2 ( . 0 7 2 0 ) ( . 2 5 7 7 ) ( . 1 3 5 7 ) ( . 0 9 7 9 ) ( . 1 6 0 2 ) ( . 1 2 1 3 ) ( . 0 3 4 1 )
m- 1 . 0135 . 3 5 3 1 - . 5 1 0 5 . 8845 . 6068 . 2828 - . 1 1 1 7( . 1 1 4 3 ) ( . 4 0 8 9 ) ( . 2 1 5 3 ) ( . 1 5 5 3 ) ( . 25 4 2 ) ( . 1 9 2 5 ) ( . 0 5 4 1 )
m . 1110 - . 9 2 9 6 . 1106 - . 1 5 6 1 - . 2 6 4 1 . 0021 . 0641- 2 ( . 1 2 5 7 ) ( . 4 4 9 4 ) ( . 2367) ( . 1 7 0 7 ) ( . 2794) ( . 2 1 1 5 ) ( . 0595)
wp _ i - . 0 6 1 2 - . 0 3 5 4 . 0327 . 2 2 4 0 . 6478 . 0385 . 0059
( . 0 6 7 4 ) ( . 2 4 1 1 ) ( . 1 2 6 9 ) ( . 0 9 1 6 ) ( . 1 4 9 9 ) ( . 1 1 3 5 ) ( . 0 3 1 9 )
wp . 0160 . 0969 - . 0 8 4 8 - . 0 2 7 3 - . 1 4 4 0 - . 0 1 0 4 . 0136
( . 0 6 79 ) ( . 2 4 2 8 ) ( . 1 2 7 8 ) ( . 0 9 2 2 ) ( . 1 5 0 9 ) ( . 1 1 4 3 ) ( . 0321)
y . i . 1607 . 1678 . 1254 - . 1 9 4 3 - . 4 6 3 6 . 3464 - .  1248( . 0 9 75 ) ( . 3 4 8 7 ) ( . 1 8 3 6 ) ( . 1324 ) ( . 2 1 6 7 ) ( . 1 6 4 1 ) ( . 0 4 6 1 )
y p - . 2 2 1 4 - . 9 3 4 3 . 0178 . 1773 . 3393 . 0377 . 0099( . 1 0 2 7 ) ( . 3 6 7 2 ) ( . 1 9 3 4 ) ( . 1 3 9 5 ) ( . 2283) ( . 1 7 2 8 ) ( . 0486)
un . 3 2 7 0 - 1 . 4 0 3 - . 9 7 2 6 - . 5 7 7 4 - 2 . 3 7 7 - . 8 5 3 2 . 5712
( . 3233) ( 1 . 1 5 6 ) ( . 6 0 8 8 ) ( . 4392) ( . 7 1 8 7 ) ( . 5 4 4 2 ) ( . 1 5 3 0 )
un - . 0 2 1 4 . 0857 . 0971 1 . 1 1 0 2 . 2 2 1 1 . 3 9 1 - . 0 7 9 0- 2 ( . 2738) ( . 97 91 ) ( . 5 1 5 6 ) ( . 3720 ) ( . 6 0 8 6 ) ( . 4 6 0 9 ) ( . 1 2 9 6 )
i n t e r 8 1 . 6 3 1047 . - 8 3 . 8 3 1 6 9 . 0 2 9 8 . 2 4 3 4 . 1 1 2 5 . 5
( 1 0 2 . 7 ) ( 3 6 7 . 2 ) ( 1 9 3 . 3 ) ( 1 3 9 . 5 ) ( 2 2 8 . 2 ) ( 1 7 2 . 8 ) ( 4 8 . 6 1 )
t - . 2 1 2 0 1 . 9 6 1 1 . 2 4 4 . 76 4 1 - . 5 5 8 1 - . 5 8 4 3 . 22 4 0
( . 3 3 9 7 ) ( 1 . 2 1 4 ) ( . 6 3 9 6 ) ( . 4615 ) ( . 7 5 5 1 ) ( . 5 7 1 8 ) ( . 1 6 0 8 )
dumxt . 0915 - . 0 6 2 2 - . 7 8 6 6 . 0759 . 0203 . 4939 - . 0 9 2 0
( . 0 9 1 6 ) ( . 3 2 7 5 ) ( . 1 7 2 4 ) ( . 1 2 4 4 ) ( . 2 0 3 6 ) ( . 1 5 4 1 ) ( . 0 4 3 3 )
dumx - 4 . 1 1 5 2 . 4 4 3 2 6 . 8 0 - 5 . 0 8 1 . 2 3 5 9 - 1 9 . 0 2 4 . 2 0 4
i n t e r ( 3 . 4 2 9 ) ( 1 2 . 2 6 ) ( 6 . 4 5 6 ) ( 4 . 6 5 8 ) ( 7 . 6 2 2 ) ( 5 . 7 7 1 ) ( 1 . 6 2 3 )
R2 . 99 87 . 9388 . 9130 . 9998 . 8828 . 9966 . 9777
^(%) . 5392 1 . 9 2 8 1 . 0 1 5 . 7 3 2 5 1 . 1 9 9 . 9075 . 2552
N o t e :  S t a n d a r d  e r r o r s  i n  p a r e n t h e s e s ,  dum i s  t h e  s t r u c t u r a l  b r e a k
dummy v a r i a b l e .
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Table 2.3 (contM)
Parameter Estimates for VAR System (Differenced Model)
Afy Att Afr Am Awp Ay Aun
Af y _ 1 . 1132 . 0792 . 8322 . 0905 -.1364 . 6085 -.1594
(.1431) (.4604) ( .2980) (.2067) (.3355) ( .2606) (.0782)
Afy , .3422 -.2409 -.4801 .4115 -.2099 -.0477 . 0919
(.1473) (.4737) ( .3065) ( .2126) (.3452) ( .2681) ( .0805)
Att . 0241 . 3858 . 0095 . 0981 . 0204 . 0232 -.0205
( . 0451) ( .1451) (.0939) ( .0651) (.1057) (.0821) (.0246)
Att . 0042 . 2212 . 1473 . 0175 -.1297 . 0740 -.0080- 2 (.0452) (.1455) (.0942) (.0653) (.1060) (.0823) (.0247)
Af r- l -.1913 -.0184 -.2416 -.1165 . 0047 -.0949 -.0052(.0691) (.2224) (.1439) (.0998) (.1620) (.1258) (.0378)
Af r -.1067 . 0235 -.2283 -.0677 . 1403 . 0154 -.0235- 2 (.0608) (.1958) (.1267) (.0878) ( .1426) (.1108) (.0332)
Am . 0138 . 3264 -.5025 .2110 . 6089 . 2063 -.0438- 1 (.1110) ( .3570) (.2310) (.1602) ( .2601) ( .2020) (.0606)
Am -.0082 -.2860 . 1271 -.0172 -.0308 . 0581 . 0337
(.1223) (.3934) ( . 2546) (.1766) (.2867) ( . 2227) (.0668)
Awp_! -.1156 . 0523 . 1525 . 1449 -.0587 -.1222 . 0554
(.0658) ( .2116) (.1369) ( . 0950) (.1542) (.1197) ( . 0359)
Awp . 0393 -.0654 -.0170 . 0506 -.0353 -.0959 -.0184
(.0590) (.1899) (.1229) (.0852) (.1384) (.1075) ( . 0322)
Ay .2177 .3612 -.0214 -.2050 -.4001 -.2498 -.1547
(.0915) (.2944) (.1905) (.1321) (.2145) (.1666) (.0500)
Ay 2 -.1107 -.5729 . 1387 -.0951 -.0025 -.1612 . 0454(.0950) (.3058) (.1979) (.1372) (.2228) (.1730) ( .0519)
Aun -1 . 2847 -1.336 -.8140 -.5561 -1.996 -.7571 . 1688(.2862) (.9206) (.5957) (.4132) (.6708) (.5210) (.1564)
Aun -.1153 . 9930 -.2193 . 5280 . 1313 -.2479 .2444
(.2785) (.8957) (.5796) ( .4020) (.6527) (.5069) (.1522)
inter .3225 . 1060 .7422 2.079 -.9758 -.0268 . 1805
(.4563) (1.467) (.9497) (.6587) (1.069) (.8306) ( .2494)
R2 .4250 .4245 .4755 . 2715 .3636 . 3209 . 4755
cr . 5996 1.928 1.248 .8656 1.405 1.091 . 3278
Note: Standard errors in parentheses.
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Table 2.4
Variance Decomposition Levels Equation
Variance Decomposition of World Output
STEP fy tt fr m wp y un1 100.00 0.00 0.00 0.00 0.00 0.00 0.00
4 77.66 3.66 4.47 1.88 1.54 6.06 4.72
20 37.59 11.59 18.73 8.63 6.31 12.36 4.79
36 37.38 12.09 18.47 8.45 6.79 12.21 4.61
Variance Decomposition of Terms of Trade
STEP fy tt fr m wp y un1 1.68 98.32 0.00 0.00 0.00 0.00 0.00
4 5.45 87.47 0.11 1.26 0.03 2.66 3.02
20 14.79 46.68 3.58 17.12 11.51 3.90 2.42
36 14.82 46.18 3.84 17.20 11.56 3.97 2.42
Variance Decomposition of World Interest Rates
STEP fy tt fr m wp y un1 0.71 0.11 99.18 0.00 0.00 0.00 0.00
4 23.51 6.68 50.65 5.34 4.29 6.84 2.68
20 23.22 16.39 34.57 8.15 8.54 7.32 1.81
36 23.14 16.57 34.18 8.32 8.67 7.28 1.83
Variance Decomposition of Money
STEP fy tt fr m wp y un1 0.28 2.11 5.02 92.60 0.00 0.00 0.00
4 1.62 3.21 1.84 74.95 14.79 2.30 1.28
20 10.41 8.58 4.28 53.22 16.43 5.18 1.90
36 10.51 8.69 4.30 52.94 16.46 5.17 1.92
Variance Decomposition of Real Wages
STEP fy tt fr m wp y un1 0.39 1.85 2.15 0.07 95.55 0.00 0.00
4 3.44 1.15 7.67 20.44 55.09 3.14 9.06
20 8.12 3.19 9.30 21.20 46.35 4.33 7.51
36 8.71 3.57 9.30 21.03 45.67 4.35 7.36
Variance Decomposition of GDP
STEP fy tt fr m wp y un1 1.95 10.23 4.92 0.01 4.42 78.49 0.00
4 7.93 6.67 21.61 9.47 4.76 46.67 2.87
20 7.50 7.85 22.80 10.60 4.70 42.04 4.52
36 7.52 7.89 22.79 10.62 4.70 41.97 4.52
Variance Decomposition of Unemployment
STEP fy tt fr m wp y un1 1.37 0.04 9.19 4.62 0.02 0.22 84.54
4 6.15 2.39 30.04 13.82 0.90 10.22 36.48
20 7.71 8.38 25.33 13.70 4.74 8.52 26.62
36 7.76 8.38 25.37 18.71 4.81 8.56 26.40
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Table 2.5
Variance Decomposition Differenced Equation
Variance Decomposition of the Difference of World Output
STEP fy tt fr m wp y un1 100.00 0.00 0.00 0.00 0.00 0.00 0.00
4 70.39 0.86 13.94 0.07 1.92 9.83 2.99
20 66.99 1.78 13.61 0.72 2.40 10.26 4.25
36 66.99 1.78 13.61 0.72 2.40 10.26 4.25
Variance Decomposition of the Difference of Terms of Trade
STEP fy tt fr m wp y un1 1.12 98.88 0.00 0.00 0.00 0.00 0.00
4 2.97 83.84 0.09 3.84 1.84 4.83 2.58
20 3.65 82.63 0.28 3.92 1.82 5.21 2.49
36 3.65 82.63 0.28 3.92 1.82 5.21 2.49
Variance Decomposition of the Difference of World Interest Rates
STEP fy tt fr m wp y un1 1.43 0.17 98.40 0.00 0.00 0.00 0.00
4 14.06 0.91 62.36 6.72 3.11 9.87 2.98
20 13.90 2.60 60.55 6.77 3.42 9.81 2.94
36 13.90 2.60 60.55 6.77 3.42 9.81 2.94
Variance Decomposition of the Difference of Money
STEP fy tt fr m wp y un1 0.05 4.23 2.81 92.90 0.00 0.00 0.00
4 4.80 9.48 3.18 74.30 2.00 3.45 2.80
20 5.16 9.92 3.25 72.07 2.02 4.26 3.33
36 5.16 9.92 3.25 72.07 2.02 4.26 3.33
Variance Decomposition of the Difference of Real Wages
STEP fy tt fr m wp y un1 0.67 0.01 0.00 0.46 98.85 0.00 0.00
4 1.93 1.10 2.19 14.41 63.39 5.77 11.20
20 2.13 1.28 2.23 14.41 62.33 6.55 11.07
36 2.13 1.28 2.23 14.41 62.33 6.55 11.07
Variance Decomposition of the Difference of GDP
STEP fy tt fr m wp y un1 7.08 5.93 0.06 1.88 7.27 77.78 0.00
4 14.90 7.39 1.04 4.01 11.22 58.45 2.98
20 14.59 8.54 1.17 4.07 11.46 56.97 3.20
36 14.59 8.54 1.17 4.07 11.46 56.97 3.20
Variance Decomposition of the Difference of Unemployment
STEP fy tt fr m wp y un1 4.65 0.90 1.37 11.02 0.79 2.07 79.21
4 18.99 4.96 1.53 9.30 2.45 13.99 48.78
20 18.75 8.30 1.58 8.92 2.42 13.72 46.30
36 18.75 8.30 1.58 8.92 2.42 13.72 46.30
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Table 2.6
Variance Decomposition Differenced Equation
Variance Decomposition of World Output
STEP fy tt fr m wp y un1 100.00 0.00 0.00 0.00 0.00 0.00 0.00
4 81.69 0.45 12.26 0.01 1.74 1.50 2.33
20 66.69 0.67 18.85 0.54 0.85 0.56 11.83
36 64.70 0.91 19.53 0.57 0.71 0.50 13.08
Variance Decomposition of Terms of Trade
STEP fy tt fr m wp y un1 1.12 98.88 0.00 0.00 0.00 0.00 0.00
4 2.90 93.43 0.14 1.65 0.16 0.44 1.40
20 0.46 97.81 0.31 0.25 0.04 0.22 0.92
36 0.25 98.00 0.39 0.16 0.03 0.19 0.98
Variance Decomposition of World Interest Rates
STEP fy tt fr m wp y un1 1.43 0.17 98.40 0.00 0.00 0.00 0.00
4 9.97 1.50 72.54 2.37 0.91 7.08 5.62
20 13.07 22.27 49.08 0.54 0.78 5.50 8.74
36 12.54 25.56 46.58 0.38 0.75 5.15 9.05
Variance Decomposition of Money
STEP fy tt fr m wp y un1 0.50 4.23 2.81 92.90 0.00 0.00 0.00
4 4.13 2.20 0.47 88.06 1.81 2.40 0.94
20 5.27 3.46 0.38 78.65 3.79 8.15 0.29
36 5.24 3.04 0.39 78.15 4.11 8.81 0.25
Variance Decomposition of Real Wages
STEP fy tt fr m wp y un
1 0.67 0.02 0.00 0.47 98.85 0.00 0.00
4 1.12 0.40 2.44 19.65 62.43 1.05 12.91
20 3.75 0.20 2.21 25.27 48.03 0.22 20.32
36 4.01 0.21 2.20 25.65 46.71 0.16 21.07
Variance Decomposition of GDP
STEP fy tt fr m wp y un
1 7.08 5.93 0.06 1.88 7.27 77.78 0.00
4 30.68 2.28 1.72 8.07 1.89 53.42 1.95
20 43.01 5.39 5.46 6.72 0.70 38.22 0.50
36 44.30 5.59 5.91 6.48 0.54 36.89 0.30
Variance Decomposition of Unemployment
STEP fy tt fr m wp y un
1 4.65 0.90 1.37 '11.02 0.79 2.06 79.21
4 22.54 0.83 0.45 11.57 2.88 12.27 49.46
20 28.17 10.40 0.10 8.48 4.32 8.82 39.71
36 28.03 11.83 0.07 8.06 4.43 8.43 39.15
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Table 2.7
Residual Correlations Between the Murphy Model and the Recursive VAR
Levels Model
Recursive Residuals
M
u
r
Ph
R
e
s
d
u
a
1
s
Differenced Model
Recursive Residuals
M u 
r
P h
y
R 
e 
s
d 
u 
a 
1 
s
Note: Z_W - Residual: Average Earnings
Z_IBFT - Residual: Business Fixed Investment 
Z_IH - Residual: Investment in Dwellings 
Z_CON - Residual: Private Consumption 
Z_NTS - Residual: Labour Supply 
Z_NT - Residual: Labour Demand 
Z PYD - Residual: Price of Domestic Goods
wp un y
Z_PYD -0.095' -0.343 -0.083 ’
► 0.740Z_W 0.738 -0.094 0.076
Z NTS 0.042
\
0.495 -0.066,
• 0.602
Z_NT -0.053 -0.237 -0.270
Z_C0N 0.090 0.140 0.168'
Z_IH 0.094 -0.082 0.274 - 0.416
Z IBFT -0.052 0.013 0.317-
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Table 2.8
Variance Decomposition for the Murphy Model
Variance Decomposition of Nominal Wages
STEP fy tt fr m wp y un1 0.00 0.00 0.00 0.00 100.00 0.00 0.00
4 0.00 0.01 0.01 0.02 89.33 6.01 4.62
20 0.10 0.99 0.19 0.99 84.89 4.92 7.54
36 1.12 2.97 0.22 0.94 82.48 4.94 7.33
Variance Decomposition of Real Wages
STEP fy tt fr m wp y un1 0.00 0.00 0.00 0.00 100.00 0.00 0.00
4 0.37 7.21 0.03 0.02 85.52 0.30 6.54
20 6.44 18.08 0.15 0.25 66.28 2.21 5.90
36 6.10 16.26 0.88 0.28 67.59 2.45 6.43
Variance Decomposition of GDP
STEP fy tt fr m wp y un1 0.00 0.14 0.00 0.02 0.02 99.59 0.24
4 0.18 3.18 0.04 0.43 6.85 89.05 0.28
20 1.66 5.38 0.84 3.54 64.33 18.70 5.77
36 2.67 7.08 0.63 3.40 62.11 18.37 5.74
Variance Decomposition of Unemployment
STEP fy tt fr m wp y un1 0.01 0.45 0.02 0.01 1.38 18.74 79.39
4 0.37 5.36 0.05 0.16 21.72 29.90 42.46
20 1.00 3.77 0.29 1.02 80.92 5.38 7.63
36 2.55 6.80 0.41 0.96 76.58 5.49 7.21
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Figure 2.1 A: Responses to a One Standard Deviation World Demand Shock (Differenced Model)
World Output Response Terms of Trade Response World Interest Rates Response
Real Wage Response
5 10 1 5 20 25 30 35
Lags
Unemployment Response
10 15 20 25 30 35
Lags
10 15 20 25 30 35
Lags
0 5 10 15 20 25 30 35
Lags
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Figure 2.1 .B: Responses to a One Standard Deviation Terms of Trade Shock (Differenced Model)
World Output Response Terms of Trade Response World Interest Rates Response
Unemployment Response
Lags
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Figure 2.1.C: Responses to a One Standard Deviation World Interest Rate Shock (Differenced Model)
World Output Response Terms ot Trade Response World Interest Rates Response
Unemployment Response
Lags
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Figure 2.1 D: Responses to a One Standard Deviation Money Shock (Differenced Model)
World Output Response Terms of Trade Response World Interest Rates Response
Output ResponseMoney Response Real Wage Response
O 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 10 15 20 25 30 35
Lags Lags Lags
Unemployment Response
1-------------1-------------1-------------1-------------1------------ 1------------ 1-------------T“
0 5 10 15 20 25 X  35
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Figure 2.1 E: Responses to a One Standard Deviation Real Wage Shock (Differenced Model)
World Output Response Terms of Trade Response World Interest Rates Response
10 15 20 25 30 35
Lags
Money Response
10 15 20 25 30 35 10 15 20 25 30 35
Lags
Output Response
10 15 20 25 X  35
Lags
10 15 20 25 30 35
Unemployment Response
Lags
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Figure 2.1 F: Responses to a One Standard Deviation Demand Shock (Differenced Model)
World Output Response Terms of Trade Response World Interest Rates Response
Money Response Output ResponseReal Wage Response
Unemployment Response
Lags
57
Figure 2.1 .G: Responses to a One Standard Deviation Productivity/Labour Supply Shock (Differenced Model)
World Output Response Terms of Trade Response World Interest Rates Response
Unemployment Response
Lags
58
Figure 2 .2 .A: Responses to a One Standard Deviation World Demand Shock (Levels Model)
World Output Response Terms of Trade Response World Interest Rates Response
0 5 10 15 20 25 30 35
Lags
Real Wage Response
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Figure 2.2.B: Responses to a One Standard Deviation Terms of Trade Shock (Levels Model)
World Output Response Terms of Trade Response World Interest Rates Response
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Figure 2.2.C: Responses to a One Standard Deviation World Interest Rate Shock (Levels Model)
World Output Response Terms of Trade Response World Interest Rates Response
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Figure 2.2.D: Responses to a One Standard Deviation Money Shock (Levels Model)
World Output Response Terms of Trade Response World Interest Rates Response
62
Figure 2.2.E: Responses to a One Standard Deviation Real Wage Shock (Levels Model)
World Output Response Terms of Trade Response World Interest Rates Response
10 15 20 25 30 35
Lags
0 5 10 15 20 25 30 35
Lags
Output Response
10 15 20 25 30 35
Lags
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Figure 2.2.F: Responses to a One Standard Deviation Demand Shock (Levels Model)
World Output Response Terms of Trade Response World Interest Rates Response
Money Response
Unemployment Response
0 5 10 15 20 25 X  35
Lags
Lags
Real Wage Response
0 5 10 15 20 25 30 35
Lags
0 5 10 15 20 25 30 35
Lags
Output Response
0 5 10 15 20 25 30 35
Lags
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Figure 2.2.G: Responses to a One Standard Deviation Productivity/Labour Supply Shock (Levels Model)
World Output Response Terms of Trade Response World Interest Rates Response
Unemployment Response
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Figure 2.3.A: Murphy Model Responses to a One Standard Deviation World Demand Shock
Wage Response Real Wage Response
Output Response Unemployment Response
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Figure 2.3.B: Murphy Model Responses to a One Standard Deviation Terms of Trade Shock
Wage Response Real Wage Response
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Figure 2.3.C: Murphy Model Responses to a One Standard Deviation World Interest Rate Shock
Wage Response Real Wage Response
Output Response Unemployment Response
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Figure 2.3.D: Murphy Model Responses to a One Standard Deviation Money Shock
Wage Response Real Wage Response
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Figure 2.3.E: Murphy Model Responses to a One Standard Deviation Real Wage Shock
Wage Response Real Wage Response
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Figure 2.3.F: Murphy Model Responses to a One Standard Deviation Demand Shock
Wage Response Real Wage Response
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Figure 2.3.G: Murphy Model Responses to a One Standard Deviation Productivity Shock
Wage Response Real Wage Response
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Output Response Unemployment Response
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A p p e n d ix  2 .A: S h o c k s  to  th e  M u rp h y  M odel
Shocks to  the  exogenous variab les in the  Murphy Model a re  taken 
d irec tly  from  the  VAR model re su lts  in level. In modelling a shock to 
any of the  w orld variab les in the  Murphy model the  response of the 
o ther two w orld variab les a re  also included as shocks in o rder to 
cap tu re  the in te rac tio n s  betw een the exogenous variab les, which would 
o therw ise  be ignored by the Murphy Model. For shocks to  the  world 
variab les the  response of money is ignored, sim ilarly  fo r  shocks to 
money the  response of the  w orld variab les is ignored. The following 
tab le  outlines the  changes undertaken  to  shock each of the  f our 
exogenous variab les in the  system . The endogenous variab les a re  
shocked by one s ta n d a rd  e r ro r  of the  residua l in the  f i r s t  q u a rte r .
S h o c k t o  y f S h o c k t o 11
P e r i o d P e r c e n t a g e  I n c r e a s e I n P e r c e n t  a g e Inc r e a s e I n
EXF PEXCF RCSF M EXF PEXCF RCSF M
Q1 0 . 4 5 0 . 5 3 - 0 . 0 7 0 . 0 0 0 . 0 0 3 . 9 5 - 0 . 0 3 0 . 0 0
Q2 0 . 3 3 0 . 9 3 0 . 4 5 0 . 0 0 0 . 0 5 4 . 2 8 0 . 1 0 0 . 0 0
Q3 0 . 2 6 1 . 3 0 0 . 2 9 0 . 0 0 0 . 0 8 4 . 5 0 0 . 1 6 0 . 0 0
Q4 0 . 1 5 1 . 2 8 0 . 2 3 0 . 0 0 0 . 1 0 4 . 0 5 0 . 2 5 0 . 0 0
Q5 0 . 1 0 1 . 2 8 0 . 2 0 0 . 0 0 0 . 0 8 3 . 4 0 0 . 2 9 0 . 0 0
Q6 0 . 0 4 1 . 2 0 0 . 1 6 0 . 0 0 0 . 0 4 2 . 6 3 0 . 2 8 0 . 0 0
Q7 0 . 0 0 1 . 2 5 0 . 1 4 0 . 0 0 0 . 0 0 1 . 93 0 . 2 5 0 . 0 0
Q8 0 . 0 0 1 . 3 8 0 . 1 4 0 . 0 0
IDo01 1 . 40 0 . 2 0 0 . 0 0
Q9 0 . 0 0 1 . 5 8 0 . 1 4 0 . 0 0 - 0 . 0 8 1 . 0 8 0 . 1 5 0 . 0 0
Q10 0 . 0 0 1 . 7 5 0 . 1 3 0 . 0 0 - 0 . 1 1 0 . 9 5 0 . 1 1 0 . 0 0
Q l l 0 . 0 0 1 . 8 3 0 . 1 3 0 . 0 0 - 0 . 1 2 0 . 9 8 0 . 0 8 0 . 0 0
Q12 0 . 0 0 1 . 8 5 0 . 1 2 0 . 0 0 - 0 . 1 2 1 . 0 8 0 . 0 6 0 . 0 0
Q13 0 . 0 0 1 . 7 5 0 . 1 1 0 . 0 0 - 0 . 1 2 1 . 1 8 0 . 0 5 0 . 0 0
Q14 0 . 0 0 1 . 58 0 . 0 9 0 . 0 0 - 0 . 1 1 1 . 2 0 0 . 0 4 0 . 0 0
Q15 0 . 0 0 1 . 3 5 0 . 0 6 0 . 0 0 - 0 .  10 1 . 1 8 0 . 0 4 0 . 0 0
Q16 0 . 0 0 0 . 8 5 0 . 0 3 0 . 0 0 - 0 . 0 5 0 . 7 8 0 . 0 0 0 . 0 0
Q17 0 . 0 0 0 . 3 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 4 8 0 . 0 0 0 . 0 0
Q18 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 1 8 0 . 0 0 0 . 0 0
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A p p e n d i x  A (Cont ’d)
S h o c k t o f r S h o c k t o  m
P e r c e n t a g e I n c r e a s e I n P e r c e n t a g e  I n c r e a s e I n
P e r i o d EXF PEXCF RCSF M EXF PEXCF RCSF M
Q1 0 . 0 0 0 . 0 0 0 . 8 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 6 0
Q2 - 0 . 0 5 0 . 1 5 0 . 1 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 5 5
Q3 - 0 . 0 7 0 . 1 3 0 . 1 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 5 0
Q4 - 0 . 1 3 - 0 . 2 3 0 . 1 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 8
Q5 - 0 . 2 1 i o 00 o 0 . 0 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 3
Q6 - 0 . 2 4 - 1 . 1 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 8
Q7 - 0 . 1 8 - 1 . 1 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q8 - 0 . 1 4 - 1 . 0 5 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q9 - 0 . 0 9 - 0 . 7 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q10 - 0 . 0 5
0001 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q11 0 . 0 0 - 0 . 2 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q12 0 . 0 0 - 0 . 1 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q13 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 0 0
Q14 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q15 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q16 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q17 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Q1 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Note:  EXF -  F o r e i g n  I mpor t  Demand
PEXCF -  F o r e i g n  P r i c e  o f  Commo d i t i e s
RCSF -  Thr ee  Mo n t h  F o r e i g n  I n t e r e s t  Ra t e
M -  Money:  P r i v a t e  S e c t o r  H o l d i n g s  o f  Currency
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CHAPTER THREE
THE AUSTRALIAN DOLLAR: EXPECTATIONS, RISK  PREMIUM, 
IN TER EST RATE DIFFEREN TIA LS AND THE 
FUNDAMENTAL EXCHANGE RATE
3.1. I n t r o d u c t i o n
In an open economy with no impediments to capita l mobility, 
in te rnationa l a rb i t ra g e  d ic ta tes  th a t ,
r  = r * + E(AS/S) + rp  (3.1)
*
where r  is the  domestic in te res t  ra te ,  r  the foreign in te res t  ra te ,  
S the spot ra te ,  E(AS) the expected change in the spot r a te  over the 
period of the  investment and rp  the r isk  premium, or excess r e tu rn  
requ ired  by a foreign  investor to invest in Australia . This condition 
is known as the  Uncovered In te res t  Par ity  (UIP) condition and 
requ ires  th a t  individuals cannot expect excess r e tu rn s  by moving 
money from  one country to another. For a zero risk  premium (i.e. risk 
neu tra li ty ) ,  equation (3.1) equates the in te res t  d i f fe ren tia l  to the 
expected re tu rn  in the  exchange ra te .
From November 1984 until July 1989 the average in te re s t  r a te  
d i f fe re n t ia l  between A ustra lia  and the U.S. has been 8.97. per annum 
(pa). Using expecta tions  'd a ta  available from  m arket analysts  the 
average p redic ted  depreciation of $US/$A was 8.47. per annum over the 
period 8 /3 /8 5 -1 8 /9 /8 7 ,  implying an average risk  premium according to 
equation (3.1) of 0.57. pa. In rea l  term s, the in te re s t  d if fe ren tia l  
was 2.47., the  expected depreciation 2.87. and the r isk  premium 0.47.. 
However, the  depreciation in the  exchange r a te  did not m ateria lise  
and, in f a c t  th e re  was an apprecia tion  of 2.57. in nominal te rm s and
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8.17. in rea l term s.
In th is  chap te r the risk  premium is shown to be too sm all to 
account fo r  the  in te re s t r a te  d iffe re n tia l betw een A ustra lia  and the 
U.S. It is argued  th a t  high in te re s t ra te s  imply th a t  the A ustralian  
do llar tra d e s  a t  a level above its  fundam ental r a te , i.e. the ra te
necessary  to  a tta in  a susta inab le  debt/GD P ra tio , and it is th is
which is the  source of the  expected depreciation  among m arket 
an a ly sts  and of the  skew ness evident in movements of the  $A aga in st a 
num ber of cu rrencies.
The A ustra lian  do lla r ($A) is investigated  and its  perform ance 
is evaluated  ag a in s t a num ber of d iffe re n t currencies; the  American 
do llar ($US), the  pound S terling  (£), the  yen (V), the  Deutsche mark
(DM), the  Canadian do llar ($C), and the T rade Weighted Index (TWI). 
This c h ap te r is divided into two p a rts . The f i r s t  p a r t  has four
sections and exam ines c h a ra c te r is tic s  of the  $A. The f i r s t  two 
sections investiga te  the  UIP condition. In p a rtic u la r , Section 3.2 
looks a t  nominal in te re s t ra te , in fla tion  r a te  and rea l in te re s t r a te  
d iffe re n tia ls  betw een A ustra lia  and a num ber of o ther OECD countries 
and shows th a t  in te re s t  ra te s  in A ustra lia  a re  unusually high and 
have been su sta ined  fo r  some tim e. Section 3.3 uses q uan tita tive  
expecta tions of $A movements to  te s t  the  efficiency  of the  foreign  
exchange m arket, th e  UIP condition, and to  model the  source of 
expecta tion  e rro rs . The analysis finds evidence to  r e je c t  the
assum ption of an e ff ic ie n t m arket fo r  fo re ign  exchange. Using the 
expecta tions of Section 3.3, Section 3.4 com pares the  fo recastin g  
perfo rm ance of these  expecta tions w ith  pred ictions from  sim ple tim e 
se rie s  models and the  random  walk model. Section 3.5 exam ines two 
pecu liar p ro p ertie s  of the  $A -  the  ex istence of skew ness in both the
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f i r s t  and second m oments of movements in the  $A.
The second p a r t  of the chap ter has th ree  sections which seek 
possible causes fo r  the c h a ra c te r is tic s  observed in the f i r s t  p a rt. 
Section 3.6 shows th a t  a lte rn a tiv e  m easures of the  risk  premium are  
too sm all to  account fo r  the m arket inefficiency observed in Section 
3.3. Section 3.7 builds a fundam ental model fo r  the  $A, using the 
Purchasing Power P a rity  (PPP) model as well as the  more com plicated 
m onetary  exchange ra te  model and shows th a t  the  $A has been 
over-valued fo r  some considerable tim e. Section 3.8 discusses the 
‘Peso Problem ’ in re la tio n  to  the  over-valued $A, arguing th a t  the  
expected deprecia tion  and asym m etric movements in the  $A can be 
en tire ly  consis ten t w ith  a ra tio n a l m arket. F inally, Section 3.9 
concludes the  chap ter.
3.2. I n f l a t i o n  and I n t e r e s t  Rates
Both rea l and nominal in te re s t ra te s  in A ustra lia  have been 
com paratively  high fo r  a considerable period since 1985. F igures 3.1 
and 3.2 provide p lo ts of the  sh o rt- te rm  nominal in te re s t ra te s  and 
tw elve m onth in fla tio n  ra te s  fo r  seven OECD coun tries  using monthly 
d a ta  over the  period 1975-1989. The d a ta  used in th is  section is 
described  in the  D ata Appendix.
The re a l sh o rt te rm  in te re s t r a te  d iffe re n tia l fo r  country  j
J 19com pared to  the  U.S., r  shown in F igure 3.3, a re  defined by
(1 + r j ) / ( 1  + 7Tj ) (3.2)
r J = --------------------------------  -  1.diff us, us,(1 + r  ) / ( l  + n )
j  = A ustra lia , Canada, Italy , U.K.
19In ca lcu la ting  the  rea l in te re s t r a te  d iffe re n tia l aga in st the  U.S., 
the  U.S. th re e  month E urocurrency r a te  is used fo r  Germany, U.K. and 
Japan.
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Over the f i f t y - f i v e  m onth period  fro m  November 1984 to  May 1989 the
average s h o r t- te rm  re a l in te re s t ra te  d if fe re n t ia l between A u s tra lia
and the U.S. was 2.47». F igu re  3.3 shows th a t the re  have been a fe w
serious departu res  fro m  a zero re a l in te re s t d if fe re n t ia l,  bu t these
have ra re ly  lasted as long. The nom inal in te re s t ra te  d if fe re n t ia l
between A u s tra lia  and the U.S. has fa lle n  since its  peak in  1989,
20a lthough i t  stood a t 6.2% in  September 1990.
As an in d ica tio n  o f the size o f the in te re s t d if fe re n t ia l F igure  
3.4 p lo ts  the excess re tu rn  fo r  an Am erican investing  in  A u s tra lia  as 
opposed to  the U.S. since 1979 using the th re e -m o n th  T reasu ry  B ills . 
The Am erican inves ting  in  A u s tra lia , f i r s t  converts  $US in to  $A and
A
she receives r  fo r  the  pe riod  o f the investm ent. F in a lly , a t the end 
o f the investm ent, she converts  her $A back in to  $US. Tax d iffe re n ce s  
between the US and A u s tra lia  are  ignored fo r  th is  ca lcu la tio n  (see 
Appendix 3 .A fo r  fu r th e r  d iscussion o f th is  issue), and i t  is assumed 
th e re  is no hedging by the  in d iv id u a l in  the fo rw a rd  m arke t. Over the 
e n tire  period, the re  w ould  have been only a sm all nom inal re tu rn  fro m  
inves ting  in  A u s tra lia  as opposed to  the U.S. However, investing  in 
A u s tra lia  a t 1986.7 w ould  y ie ld  an excess re tu rn  g re a te r than  s ix ty  
per cent up to  1989.3, w h ile  investing  since the f lo a t  w ou ld  have 
y ie lded  an excess re tu rn  o f tw e n ty - f iv e  per cent.
In  conclusion, fo r  a leng thy pe riod  the re  has ex is ted
p o te n tia lly  la rge  re tu rn s  fro m  inves ting  in  A u s tra lia . Accord ing  to  
the Dornbusch (1976) overshooting model an unexpected tig h te n in g  o f 
m onetary  po licy , th ro u g h  h igh in te re s t ra te s , leads to  an im m ediate 
jum p  in  the exchange ra te , so th a t, d u rin g  the ad ju s tm e n t to  the
20 Gruen (1991) has argued th a t the  h igh re a l in te re s t ra te s  are the 
re s u lt o f the  in te ra c tio n  between h igh in f la t io n  and the  ta x  system.
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long run, the exchange ra te  is expected to  dep recia te  smoothly to 
equate  the  expected re tu rn  on dom estic and world asse ts . However, the 
rea lisa tio n  of these  expecta tions will depending upon nothing else in 
the  system  changing. In A ustra lia  the  ac tua l exchange ra te  has not 
follow ed the  path  suggested by the  overshooting model. Instead  th e re  
has been a m oderate apprecia tion  of the  $A since 1985, which when 
combined w ith  high in te re s t ra te s  has led to  the  possib ility  of 
su b s ta n tia l excess re tu rn s . A sim ila r finding has been observed fo r 
the  U.S. over the  period 1980-85, see Dornbusch and Frankel (1987).
3.3. E xch an ge  Rate E x p e c ta t io n s  and th e  F orw ard  Rate
3.3.1. E f f i c i e n c y  o f  th e  F ore ign  E xchan ge  Market
The fo rw ard  r a te  is the  r a te  a t  which one can buy or sell $A 
today, the  ac tua l tra n sa c tio n  to  be undertaken  a t  some da te  in the 
fu tu re . It provides an indication of w here the spot r a te  is expected 
to  be a t  th a t  fu tu re  tim e and is approxim ately  equal to  the  
d iffe ren ce  betw een the  c u rre n t spot r a te  and the  in te re s t ra te  
d if fe re n tia l betw een the  two coun tries  (see Appendix 3.B). This 
section  exam ines the  in form ation  the  fo rw ard  r a te  contains regard ing  
fu tu re  movements of the  spot r a te  and decomposes the  fo rw ard  exchange 
m arke t ineffic iency  into th a t  due to  r isk  premium and to  expecta tion  
e rro rs .
In th e ir  paper, F roo t and Frankel (1989) conclude th a t  the  
fo rw ard  m arket contains l i t t le  in fo rm ation  regard ing  fu tu re  movements 
in the  ac tu a l spot ra te , and r e je c t  the  assum ption th a t  the  fo rw ard  
r a te  is an unbiased p red ic to r of the  fu tu re  spot r a te . Their work 
suggest th a t  individuals, if  anything, should bet ag a in st the  fo rw ard
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ra te . E ffic ie n c y  in  the fo rw a rd  exchange m arke t is tested  using the 
e q u a tio n ^
s - s = a + ß fd k + u (3.3)t+k t  t  t,k
where s^ is the  lo g a rith m  o f the  spot ra te  a t tim e  t  and fd k is the
k k
lo g a rith m  o f the  fo rw a rd  d iscount {= ln(F^) -  ln(S^)}, and is the 
fo rw a rd  ra te  quoted a t tim e  t  fo r  pe riod  t+k. M arke t e ff ic ie n c y
im p lies  ß = 1 and a = 0. A ß c o e ff ic ie n t less than u n ity  im p lies  th a t 
th e re  is excess v o la t i l i t y  in  the fo rw a rd  d iscount compared to  the 
ac tua l exchange ra te , a zero c o e ff ic ie n t im p lies  no associa tion , 
w h ile  a negative  c o e ff ic ie n t im p lies  th a t ind iv idua ls  should a c tu a lly  
bet aga inst the  fo rw a rd  ra te .
H odrick  and S rivas tava  (1984) and H odrick  (1988) c la im  th a t the 
observa tion  o f an in e f f ic ie n t  fo rw a rd  m arke t (ß *  1) could be due to  
the exis tence o f a r is k  prem ium , i.e . ind iv idua ls  re q u ire  a h igher
re tu rn  to  o f fs e t  the  u n c e rta in ty  associated w ith  a p a r t ic u la r
cu rrency. One measure o f the  r is k  prem ium  ( fu r th e r  measures are 
provided  in  Section 3.6) is the  amount by w hich in d iv id u a ls  take  up
g k
pos itions  away fro m  the fo rw a rd  m arke t, i.e . rp^ = s -  where
rp^ is  the  r is k  prem ium  and ^s* ^ is  the expected value o f the  spot
ra te  in  pe riod  t+k  fo rm ed  in  pe riod  t .  Given expecta tions  data , F roo t 
and F ranke l (1989) decompose the c o e ff ic ie n t ß in  equation (3 .3) in to  
a r is k  p rem ium  and a m arke t in e ff ic ie n c y  measure. S p e c ific a lly , ß = 1 
ß - ß , w here ß is the  c o e ff ic ie n t re f le c t in g  m arke t
re rp re
in e ff ic ie n c y  and ß is  the  c o e ff ic ie n t due to  a r is k  prem ium .
rp
Equation (3 .4) measures the s ig n ifica n ce  o f the  r is k  prem ium  
21A reg ress ion  o f the  fu tu re  spot ra te  on the fo rw a rd  ra te  is not 
considered a p p ro p ria te , as the  tw o  series are n o n s ta tio n a ry  and so 
the OLS s tanda rd  e rro rs  do no t fo llo w  a s tandard  norm a l d is tr ib u tio n .
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hypothesis
s - s  = a  + ß fd  + u
t t+k t i t  t,k
(3.4)
w here ß = 1 -  ß and under the  null hypothesis ß = 1 (ß = 0 )  and
1 rp 1 rp
6 1cth e re  is no risk  prem ium  as s = f .
t t+k t
Equation (3.5) exam ines the expecta tions e rro r ,
s - s  = a  + ß fd  + u ,
t t+k t+k 2 t t,k
(3.5)
under m arket effic iency  ß = ß = 0. A value g re a te r  than  zero
2 re
suggests b e ttin g  ag a in st the  fo rw ard  ra te , because a negative fo rw ard  
discount is assoc ia ted  w ith  a positive expecta tion  e rro r . F root and 
Frankel (1989) find  th a t  ß < 0, ß^ = 0, and ß  ^> 0 fo r  many of the  
d iffe re n t d a ta  se ts  considered. Thorp e t al (1988) suggest rep lacing  
the fo rw ard  discount in equation (3.5) w ith  ( se -  s ). However, as
n t t+k t
se is alw ays m easured w ith  e rro r , equation (3.5) can be regarded
t t+k
as the  In strum en ta l V ariable (IV) version of the equation used by
iC eThorpe e t al. (1988) w ith  fd^ acting  as an in strum en t fo r
3.3.2. R e s u l t s  f o r  T e s t in g  th e  Market E f f i c i e n c y  T e s t s
E xpecta tions d a ta  fo r  the  $US/$A a re  available in The A ustralian  
new spaper fo r  the  period 8 /3 /8 5 -1 8 /9 /8 7 .  Figure 3.5 plo ts the  average 
expected change in the  spot r a te  fo r  ($US/$A) fo r  the  m arket 
p a rtic ip a n ts  ag a in s t th a t  p red ic ted  by the f  o rw ard  r a te  and by 
Purchasing Pow er P a r ity  (PPP). Inform ation  on the expecta tions data , 
the  spot r a te  and fo rw a rd  r a te  d a ta  and the p rice  d a ta  is provided in 
the  D ata Appendix. F igure 3.6 p lo ts  the  average expected  change in 
the  ($US/$A) ag a in s t the  ac tua l change and the  fo rw ard  discount. Over 
the  sam ple the  average  expected d e p re c ia tio n  of the  $US/$A is 8.47. 
pa, the  annual in fla tio n  d iffe re n tia l betw een A ustra lia  and the  U.S.
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is 5.67. pa, the  average one month fo rw ard  discount is 8.97. pa, yet on 
average the exchange r a te  ac tually  a p p re c ia te d  by 2.57. pa.
Table 3.1 re p o rts  the  re su lts  of es tim ating  equation (3.3) fo r
$US/$A using weekly (Friday) d a ta , D atase t A (see D ata Appendix). The
re su lts  a re  p resen ted  fo r  a range of periods using both a th re e  month
and one m onth fo rw ard  discount. The coeffic ien t e s tim a tes  of ß in
Table 3.1 fo r  equation (3.3) a re  unstab le . There is evidence of a
s tru c tu ra l  b reak  fo r  th is  equation in Jan u ary /F eb ru a ry  1985, a point
which coincides w ith  the  tim ing of the  Government announcem ent to
move from  m onetary  ta rg e tin g  to  a check -lis t approach (see Tease
(1988)). The ß co effic ien t estim ate  is alw ays less than  zero,
although it  is only sign ifican tly  d iffe re n t from  unity  a t  the  five
per cen t level over the  period from  F ebruary  1985 fo r  the  one month
fo rw ard  discount. T esting  the  res idua ls  fo r  conditional
h e te ro sced as tic ity , of the  form  suggested  by Cumby and O bstfeld
22(1983), never r e je c ts  the  null hypothesis.
Table 3 .2  re p o r ts  the  re su lts  of es tim ating  equation (3.3) over 
the period 8 /3 /8 5  to  18/9 /87 , which is the  period fo r  which the 
expecta tions a re  available. The es tim a te  of ß is sign ifican tly  less 
than  unity  a t the  five per cent level. While the  re s u lts  of Tables 
3.1 and 3 .2  a re , perhaps, inconclusive over the  longer d a ta  periods, 
they a re  co n sis ten t w ith  the  find ings of G oodhart (1988) and F root 
and F rankel (1989), and suggest th a t  the  fo rw ard  r a te  is a biased 
p red ic to r of the  fu tu re  spot r a te  and the  fo re ign  exchange m arket is 
not e ff ic ie n t.
With the  d a ta  sam pled m ore finely  th an  the  horizon length, the
22There is no evidence of conditional h e te ro sced as tic ity  in the  
res id u a ls  fo r  any of the  equations considered in th is  section.
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conventionally program m ed OLS s tan d ard  e rro rs  a re  in co rrec t due to  a 
se ria l c o rre la tio n  problem . The s tan d ard  e rro rs  rep o rted  in Tables 
3.1 and 3.2 a re  co rrec ted  using the  Hansen (1982) procedure. Hansen 
and Hodrick (1980) claim  the Hansen (1982) procedure is more 
e ff ic ie n t than  using non-overlapping observations which, in th is  
case, involves tak ing  every fo u rth  or th ir te e n th  observation  
depending upon w hether the  d a ta  is one month or th re e  m onth fo rw ard  
ra te s . R esults fo r  the  fo u r d a ta  se ts  of non-overlapping observations 
over the  period 8 /3 /8 5 -1 8 /9 /8 7  a re  rep o rted  in Table 3.2. The null 
hypothesis, a  = 0 and ß  = 1, is re je c te d  a t  the  five per cent level, 
fo r  tw o of the  fo u r d a ta  s e ts  of non-overlapping observations. 
B ootstrapping  the  s ta n d a rd  e r ro rs  fo r  equations (3.3), (3.4) and 
(3.5), accounts fo r  the  possib ility  of an asym m etric d is tr ib u tio n  fo r  
the  p a ra m ete r  e s tim a tes  (see Section 3.5 fo r  evidence of a negatively 
skewed d is tr ib u tio n  fo r  $A re tu rn s  aga in st a v a rie ty  of currencies). 
The b o o tstrapped  s ta n d a rd  e rro rs  (not repo rted ) a re  s im ila r to  those 
produced by OLS and do not a f fe c t  the  conclusions.
E stim ates of the  r isk  prem ium  based on equation (3.4) a re  also 
rep o rted  in Table 3.2. The point es tim a te  of ß  is 0.196 (ß is
rp 1
1.196) and is not sign ifican tly  d iffe re n t from  zero  (unity). 
Ineffic iency  of the  fo rw ard  r a te  cannot th e re fo re  be explained by a 
r isk  prem ium. In f a c t , individuals appear to  "anchor" them selves to  
the  fo rw ard  r a te  when form ing th e ir  expecta tions. F igure 3.7 is a
A Cplot of the  r isk  prem ium  (f -  s ) and shows th a t  the  con tribu tion
t t t+4
of th is  te rm  to  the  overall expecta tion  e r ro r  is sm all.
4 6The r isk  prem ium  (f^ -  s ^) is sign ifican tly  d iffe re n t from
zero  over the  sub -period  March 1985 to  Septem ber 1985. This is 
co n sis ten t w ith  the  find ings of Thorpe e t al. (1988), who find  a
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s ig n if ic a n t r is k  prem ium  fo r  the  period  fro m  la te-1984 to  late-1985 
and an in s ig n if ic a n t one fro m  la te-1985 to  m id-1988 using the Money 
M arke t Services expecta tions  data. Results fo r  th is  equation (3.4) 
using the  non-ove rlapp ing  data  (re p o rte d  in  Table 3.2) are s im ila r , 
as the  r is k  prem ium  is in s ig n if ic a n t. B oo ts trap  s tandard  e rro rs  are 
again s im ila r  to  the OLS standard  e rro rs .
E s tim a tin g  equation (3.5) estab lishes th a t m ost o f the 
in e ff ic ie n c y  observed in  equation (3.3) is due to  expecta tions  e r ro r  
(see Table 3.2). The po in t es tim a te  fo r  ß = 7.378 is s ig n if ic a n t ly
re
d if fe re n t  fro m  zero  a t the  f iv e  per cent level. The pos itive  
c o e ff ic ie n t im p lies  th a t a negative fo rw a rd  d iscount is associated 
w ith  an expected deprec ia tion . The conclusion is to  bet aga ins t the 
fo rw a rd  ra te  o r, a t leas t, pay more a tte n tio n  to  the spot ra te .
Use o f the  one week expec ta tion  data , re q u ire s  a one week 
fo rw a rd  d iscount series, w h ich is  not ava ilab le . Assuming the fo rw a rd  
d iscount is  a p p ro x im a te ly  lin e a r over tim e  then the one week fo rw a rd  
d iscount can be p ro x ie d  as one q u a rte r o f the  m onth ly  f  o rw a rd  
d iscount. The re s u lts  using th is  weekly da ta  are re p o rte d  in  Appendix 
3.C and are q u a lita t iv e ly  s im ila r  to  those in  Table 3.2.
The conclusions rem ain : the  fo rw a rd  ra te  is a biased p re d ic to r 
o f the  fu tu re  spot ra te , the re  is  no evidence o f a r is k  prem ium , and 
the re  is  a su b s ta n tia l expecta tions  e r ro r .
F ranke l and Meese (1987) and F ranke l and F ro o t (1987) consider 
an a lte rn a tiv e  exp lana tion  f  o r the  f  o rm a tion  o f exchange ra te  
expecta tions. Both papers use re la t iv e  prices, ra th e r  than the 
fo rw a rd  ra te , as a possib le "anchor" va ria b le , assum ing some fo rm  o f 
Purchasing Power P a r ity  (PPP) fundam en ta l exchange ra te  equation. In 
p a r t ic u la r ,  they sp e c ify  an equation
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s
t  t+4
(3.6)- s  = a  + 5 (s — s ) + u 
t  t  t  t+4
w here is the  fundam ental exchange r a te  determ ined by PPP. Frankel
and Meese (1987) and Frankel and F root (1987) find  th a t  the
co effic ien t on 5 is sign ifican tly  d iffe re n t from  zero  acro ss various
d iffe re n t d a ta  s e ts  considered, see th e ir  Tables 4.C and 7,
respectively . For an expecta tions horizon below (above) th re e  m onths
the  co effic ien t 5 is sign ifican tly  less (g rea te r)  than  zero , and
conclude th a t  expecta tions a re  s tab ilis in g  in the  long run  and
destab ilising  in the  sh o rt run.
The se rie s  (s^ -  s^), deviations from  PPP, is co nstruc ted  using 
the  sam e d a ta  as in F igure 3.5 equation. E stim ation  of (3.6) yields
se -  s = 0.1277 + 0.0312 ( i  -  s) . (3.7)
t  t+4 t  t
( 0 . 0 7 5 5 )  ( 0 . 0 1 5 6 )
R2 = 0 .0803, DW = 0 .909 , *2(H ; , = 31.24
0
(Hansen (1982) s ta n d a rd  e rro rs  in paren theses)
The re la tiv e  price  term  is positive and s ign ifican t suggesting  th a t 
individuals may be using it as an anchor in determ ining exchange ra te  
expecta tions. Adding the  fo rw ard  discount ra te  to  equation (3.7),
shows th a t  the  influence of the  re la tiv e  price  variab le  rem ains
strong
s* -  s = 0.2271 -  2.026 fd 4 + 0.051 (s -  s) . (3.8)
t  t+4 t  t  t
( 0 . 0 6 6 2 )  ( 0 . 5 8 7 )  ( 0 . 0 1 5 )
R2 = 0.251, DW = 1.222
(Hansen (1982) s ta n d a rd  e r ro rs  in paren theses)
Equation (3.8) shows th a t  expecta tions a re  determ ined by both the 
fundam ental v ariab le  and the  fo rw ard  discount. The positive 
co effic ien t on th e  re la tiv e  p rice  variab le  ind ica tes th a t
expecta tions a re  s tab ilis in g  even in the  sh o rt run. The sign ifican tly
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negative coeffic ien t on the fo rw ard  discount ind ica tes th a t  
expecta tions no longer tend to  follow  the fo rw ard  ra te , suggesting 
evidence of a r isk  premium.
D espite the  sign ificance of the  re la tiv e  p rice  variab le  in 
de term ining  expecta tions, th is  variab le  does not s ign ifican tly
co n trib u te  to  explaining ac tua l exchange ra te  changes over th is  
period
s -  s = -0.1012 -  6 .393 fd 4 -  0.013 ( i - s) . (3.9)
t +4  t  t  t
( 0 . 3 7 7 9 )  ( 3 . 3 5 0 )  ( 0 . 0 8 6 )
R2= 0.0987, DW = 0.478
(Hansen (1982) s ta n d a rd  e r ro rs  in paren theses)
In conclusion, th is  section has shown th a t  over the  period from  
1985 to  1987 the  fo rw ard  ra te  is a biased p red ic to r of the  spot ra te , 
and th a t  th is  b ias cannot be wholly a ttr ib u te d  to  the  ex istence of a 
r isk  prem ium . The ineffic iency  is also due to  the  expecta tions e rro r  
assoc ia ted  w ith  individuals expecting a deprecia tion  in the  exchange 
r a te  when the  ac tu a l r a te  apprecia ted . Equation (3.8) shows th a t  
expecta tions a re  determ ined by a fundam ental exchange r a te  (PPP). 
F igure 3.5 p lo ts th is  fundam ental re la tionsh ip  and ind ica tes th a t  the  
exchange r a te  is over-valued.
3.4. E v a lu a t in g  M arket E x p e c ta t io n s  and o th er  E xch an ge
R ate  F o r e c a s t s
This section  com pares m arket expecta tions of the  f  u tu re  spot 
r a te  w ith  those of the  fo rw ard  ra te , the  random  walk and tim e se ries  
models including A utoRegressive (AR), Vector AutoRegressive (VAR), 
and Bayesian Vector A utoRegressive (BVAR) models. Lowe and Trevor 
(1986) investiga te  individuals’ fo re c a s ts  of the  $US/$A and the
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YEN/$US and find  no individual able to  p red ic t b e tte r  than  the random  
walk in both m arkets, w ith  m ost perfo rm ing  considerably w orse. Meese 
and Rogoff (1983) use tim e se ries  and s tru c tu ra l  models of exchange 
ra te s  and find  no model able to  improve on the random  walk model, 
fo re c a stin g  ou t-o f-sam p le . This section finds th a t , while the  spot 
r a te  does not conform  to  a random  walk w ithin sam ple, o u t-o f-sam p le  
it  is d iff ic u lt to  improve upon.
V arious a lte rn a tiv e  m ethods e x is t fo r  evaluating fo re c a s ts  and a 
num ber of these  a re  outlined in F a ir (1986). There a re  also problem s 
w ith  evaluating  f  o rec a s t p red ic tions in th a t  th e re  a re  no s tan d ard  
e r ro rs  to  enable te s tin g  of hypotheses. However, th is  section 
considers the d irec tion  of change and Root Mean Square E rro r  (RMSE) 
values to  evaluate  fo re c a s ts .
3.4.1. P r e d i c t i n g  t h e  D i r e c t i o n  o f  Change f o r  $ U S / $ A
E xpecta tions d a ta  of the  e a rlie r  section  is used in th is  section 
as well as D a tase ts  A and B (see D ata Appendix). The exchange ra te s  
ag a in st the $A a re  denoted $US, Y, DM, £, $C, TWI.
As a s ta r tin g  point fo r  evaluation, the  num ber of tim es the 
average individual picks a c o rre c t movement in the  spot r a te  over a 
one week and fo u r week period is calcu lated . For the  same d a ta  se t 
over the  sh o rte r  period 8 /3 /8 5 -2 7 /1 0 /8 6  Manzur (1988a, p. 101) re p o rts  
th a t  "the success r a te  of the  survey of about 607. is f  a ir ly  
c red itab le  in th is  con tex t."  S im ilarly , Lowe and T revor analyse the 
success of m arke t fo re c a s te rs  using weekly d a ta  from  the  A ustra lian  
F inancial Review over th e  period 13/3 /85-18 /12 /85 . They found th a t  
individuals picked the  c o rre c t d irec tion  of change s ix ty -s ix  per cent 
of the  tim e, suggesting th e re  is some relevan t in fo rm ation  available
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in  d e te rm in ing  fu tu re  $A movements.
In  co n tra s t, f o r  th is  da ta  set, ind iv idua ls  c o rre c tly  p re d ic t 
the  s ign o f a one week movement in  the exchange ra te  s lig h t ly  less 
than  f i f t y  per cent o f the  tim e , and th ir ty - th re e  per cent fo r  fo u r  
week movements. Table 3.3 decomposes the d ire c tio n  o f change fo r  
p re d ic te d  and ac tua l $US movements. The ta b le  shows th a t th e re  is a 
tendency fo r  expecta tions  to  p re d ic t a dep rec ia tion  in  the exchange 
ra te . In  one hundred and fo u r  ou t o f one hundred and tw e n ty -e ig h t 
observa tions the  average p re d ic tio n  is fo r  the exchange ra te  to  fa l l ,  
and on on ly th i r t y - f iv e  occasions is  the  p re d ic tio n  c o rre c t. When the 
d ire c tio n  o f movement is c o rre c tly  p red ic ted  the m agnitude o f the 
d ep rec ia tio n  is g re a tly  u nde r-p red ic ted . For one-week movements the 
re s u lts  a re  s im ila r . Th is  f in d in g  o f an excessive tendency to  p re d ic t 
a d ep rec ia tio n  can be observed in  F igures 3.5 and 3.6.
L a i (1990) undertakes a s im ila r  decom position o f expecta tions
da ta  and uses the n o n -p a ra m e tric  te s t o f Henriksson and M erton (1981)
to  te s t unbiasedness o f m arke t expecta tions  (see Appendix 3.D). Using
U.S. da ta  fro m  the Money M arke t Services over a series o f fo re ca s t
horizons, he is  unable to  re je c t  the  unbiasedness hypothesis. For
th is  da ta  set using fo u r  week expecta tions, the n u ll hypothesis o f
ra t io n a li ty  is  re je c te d  a t the  one per cent s ig n ifica n ce  leve l, w ith
expec ta tions  too  fre q u e n tly  p re d ic tin g  a dep rec ia tion . Th is  f in d in g
23
is  cons is ten t w ith  those o f Table 3.2. For one-week da ta  the 
ra t io n a li ty  assum ption fa i ls  to  be re je c te d  a t the  f iv e  per cent 
s ig n ifica n ce  level.
23 Using th is  procedure to  te s t the ra t io n a lity  assum ption o f the 
fo rw a rd  m a rke t over the  same periods as th a t used in  Table 3.1 fa i ls  
to  re je c t  the  n u ll hypothesis a t the  f iv e  per cent s ig n ifica n ce  
leve l.
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3 .4 .2 . F o re c a s t in g  P e r fo rm a n c e  o f  M a rk e t A n a ly s ts  a n d  T im e  S e r ie s
M o d e ls
Having estab lished the poor perfo rm ance  o f the  expecta tions in
p re d ic tin g  the d ire c tio n  o f change, the re s t o f th is  section  analyses
w he the r a lte rn a tiv e  models can p e rfo rm  any b e tte r  in  fo re ca s tin g
exchange ra te  movements. RMSE values are  used to  compare a lte rn a tiv e  
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fo re ca s ts . A lthough a tte n tio n  focuses on the $US in  the discussion, 
a ll cu rrenc ies  are fo re ca s t. Over the e n tire  sample fro m
8 /3 /8 5 -1 8 /9 /8 7  the RMSE value fo r  one week ahead p re d ic tio n s  fro m  
m a rke t m a rke t p a rtic ip a n ts  is  1.747., the  associated fo u r  week RMSE 
value is 3.297.. The fo rw a rd  ra te  RMSE values fo r  one week and fo u r  
week fo re ca s ts  are 1.697. and 3.207., respective ly . Fo r a random  w a lk  
w ith o u t d r i f t ,  the RMSE values are 1.687. and 3.077.. These re su lts  
c o n tra s t w ith  those o f Lowe and T re vo r (1986) who, using a d if fe re n t  
da ta  set, f in d  th a t the  average in d iv id u a l p e rfo rm s  b e tte r than  both 
the random  w a lk  and the  tim e  series models they consider.
Using bo th  d a ily  and weekly da ta  a number o f d if fe re n t  tim e  
series models are b u ilt  and compared w ith  the random  w a lk  fo recas ts . 
F o r each model the  in i t ia l  pa ram e te r estim ates a re  obta ined using 
da ta  up to  the  beginn ing o f 1987, fo re ca s ts  based on these param ete r 
es tim a tes  a re  then made fo r  the  nex t fo u r  weeks (tw e n ty  days) 
s ta r t in g  fro m  9 /1 /8 7 . One week ( f iv e  days) o f da ta  is (are) added to  
the da ta  period . New pa ram ete r estim ates are now obta ined using data 
up to  15/1/87. Based on the new pa ram ete r es tim ates fo re ca s ts  are 
made fo r  the  n e x t fo u r  weeks (tw e n ty  days), fro m  the  16/1/87. Th is
24 As both  the spot ra te  and its  p red ic ted  value are  measured in  logs, 
th is  is  an app rox im a te  percentage e rro r .
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process continues un til fina lly  the  model based on d a ta  un til 18/9/87 
is estim ated . Using these  new p a ram ete r e s tim ates  fo re c a s ts  a re  made 
fo r  fo u r weeks (tw enty  days). This yields th ir ty -e ig h t, one up to  
fo u r week (one to  tw en ty  days) ahead fo re c a s ts . The RMSE values fo r  
the  individual expecta tions, the fo rw ard  r a te  and the  random  walk 
models fo r  one week and fo u r weeks ahead over th is  sh o rte r  period 
a re , 1.207. and 2.677., 1.127. and 2.487., and 1.067. and 2.137., 
respectively , and the individual expecta tions a re  by f a r  the  w orst.
The ab ility  of the  random  walk model to  dom inate o ther models
depends on how a c cu ra te  the  no change assum ption is in describ ing
exchange r a te  movements. MacDonald and Taylor (1989) use an ADF te s t
(see Supplem ent A) to  investiga te  the  s ta tio n a r ity  of a num ber of
exchange ra te s . They find  th a t  the  h igher o rder lagged te rm s a re
insign ifican tly  d iffe re n t from  zero  fo r  the  $A/$US, suggesting th a t
it  may conform  to  a random  walk. The analysis includes a  period
during which the  $A w as fixed . In the  paper they  then  te s t  fo r
co in teg ra tin g  re la tio n sh ip s  betw een p a irs  of exchange ra te s , arguing
th a t  if  such a co in teg ra tin g  re la tionsh ip  ex is ts , then  th e re  m ust
ex is t an ECM, equation (3.10),
p k
As1 = a  + ßx + X y  As1 + Z 5 As2 + u (3.10)
t t - i  i=i l t-i  j=i j t-j t
w here,
1 2and p is the  OLS p a ra m e te r  e s tim a te  from  a reg ression  of s^ on s^. In 
(3.10), changes in the  exchange r a te  a re  a function  of the  past 
d isequilibrium  betw een the  tw o co in teg ra ting  exchange ra te s . By 
defin ition  then , the  exchange r a te  cannot be e ff ic ie n t, as p a s t spot 
r a te s  contain  availab le in fo rm ation .
Before te s tin g  fo r  a co in teg ra tin g  re la tionsh ip , i t  is f i r s t
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necessary  to  te s t  the o rder of in teg ra tio n  of each of the  exchange
25ra te s  (all in te rm s of the  $A). Table 3.4 re p o rts  the  re su lts  using
the  P erron  and Phillips (1987) Z (t ) and Z($ ) te s ts  fo r  values of q
a  3
= 2, 4, 8, 12 (see Supplement A). Using e ith e r weekly or daily da ta  
the  null hypothesis of n o n sta tio n a rity  fa ils  to  be re je c te d  fo r  any 
se rie s . T ests  fo r  the  ex istence of a tim e tren d  and n o n sta tio n arity  
(Z($3)) also fa i l  to  be re jec ted . These re su lts  a re  supported  by the 
ADF te s t  which also found s ig n ifican t higher o rder lagged te rm s in 
a ll cu rrenc ies. The null hypothesis of a second un it roo t is re je c te d  
fo r  each se rie s . For no exchange ra te s  can the  assum ption of 
n o n sta tio n a rity , 1(1), be re jec ted .
Table 3.5 re p o r ts  the  co in teg ra ting  reg ression  re la tionsh ip s 
betw een all p a irs  of cu rrenc ies fo r  both weekly and daily d a ta . For
each p a ir , the  hypothesis th a t  the  se rie s  a re  not co in teg ra ted  can
not be re je c te d . Using the m u ltiv a ria te  co in teg ra tion  technique of 
Johansen (1989a, b) (see Supplement A), the  five exchange r a te s  a re
investiga ted  to  see w hether they a re  co in teg ra ted  as a system . Five 
lags a re  used in the  five equation VAR system . The re su lts  fo r  both 
the  weekly and daily d a ta  find  a t  m ost one co in teg ra ting  re la tionsh ip  
betw een the  variab les a t  the  five per cent sign ificance level. This 
suggests  a g en era lisa tio n  of the  tw o variab le  e r ro r  co rrec tio n  model
(3.10)
a  + Z S y As + Z 5 v + u i=i j=i aij t-j j=i j j ,t- i  t
w here v^   ^ is the  j th co in teg ra ting  vector.
(3.11)
25 In te s tin g  s ta t io n a r ity  the  longest possible period is used, i.e. 
1/1/86 -  11/4/89 fo r  the  daily d a ta  and the periods 1 /1 /79 -21 /4 /89  
and 6 /1 /8 4 -2 1 /4 /8 9  fo r  the  weekly data .
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3 .4 .3 . F o re c a s ts  u s in g  D a i ly  D a ta
Using d a ily  data  a VAR model w ith  f iv e  lags is chosen as the
best d e sc rip tio n  o f the data  over the e n tire  sample period.
In it ia l ly ,  a lag leng th  o f tw e n ty  is considered, correspond ing to
a p p ro x im a te ly  one month. T esting  th is  aga inst a re s tr ic te d  model w ith
only ten  lags, using Sims (1980) s ta t is t ic ,  fa i ls  to  re je c t  the
re s tr ic t io n s  a t the  f iv e  per cent level. R e s tr ic tin g  the model to
f iv e  lags on each va ria b le  also fa i ls  to  re je c t  the  n u ll hypothesis.
F u rth e r reduc tions  are re je c te d . T esting  the s ig n ifica n ce  o f each
exchange ra te , the  £ is on ly s ig n if ic a n t in  its  own equation, w h ile
a ll o th e r va ria b le s  are  s ig n if ic a n t in  a t leas t one o th e r equation
o the r than  i ts  own. As a re s u lt both a f iv e  equation and a fo u r
equation (w ith o u t £) system w ith  f iv e  lags on each va ria b le  are
26considered fo r  fo re ca s tin g .
The e s tim a tio n  re su lts  suggest re je c tin g  the  random  w a lk
hypothesis. The o u t-o f-s a m p le  perfo rm ance  o f these tim e  series models 
gives a b e tte r  in d ica tio n  o f the  ex te n t to  w h ich  past movements 
p re d ic t fu tu re  movements. For the f iv e  equation model the RMSE values 
and T h e il U s ta t is t ic s  are re p o rte d  in  Table 3.6, and fo r  values less 
than  u n ity  the  model fo re ca s ts  w orse than  a random  w a lk . Fo r the  $US, 
the one w eek- and fo u r  week-ahead fo re c a s t RMSE values are 1.067. and 
2.277.. Over the e n tire  tw e n ty  step fo re c a s t h o rizo n  the VAR model 
p re d ic ts  b e tte r  than  the random  w a lk  model on ly  a t steps f iv e  to
nine. The pe rfo rm ance  o f the VAR fo r  the  o the r exchange ra te s  is no 
b e tte r. F o r the  Y and the TWI the VAR model, on average, p re d ic ts  
b e tte r  than  the  random  w a lk  model ju s t  once. The VAR never p e rfo rm s
26The model sp e c if ic a tio n  based on da ta  over the  period  1 /1 /86  -  
16/10/87 is  m a in ta ined  th rougho u t the e n tire  ana lys is , a lthough the 
c o e ff ic ie n ts  o f the  model are updated on a weekly basis.
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b e tte r  fo r  the  DM. Of a ll the cu rrenc ies, the £ model p e rfo rm s  the
m ost c re d ita b ly  and p re d ic ts  b e tte r than no change on ten occasions.
The fo u r  equation VAR system y ie lds  b e tte r fo re ca s ts  fo r  the  $US
w h ile  w orsen ing  the fo re ca s ts  fo r  the  o the r ra tes .
I t  is  s u rp r is in g  th a t models w ith  such high p re d ic tive  pow er
w ith in  sample should p e rfo rm  so poo rly  o u t-o f-sa m p le .
O ve r-p a ra m e te risa tio n  o f the VAR model could p rovide an exp lana tion
fo r  the  o u t-o f-s a m p le  fa i lu re  o f th is  model compared to  the random  
27
w a lk  model. To a llo w  fo r  a dom inant f i r s t  lag a Bayesian VAR (BVAR) 
model (see L it te rm a n  (1986)) is estim ated. Again f iv e  lags are  used. 
A dopting  the M innesota p r io rs  o f Doan et a l (1984), a p r io r  mean o f 
one is  assigned to  the  f i r s t  lag o f the dependent va ria b le  and a zero  
mean on a ll o th e r va riab les . A tigh tness  param ete r o f 0.1 is chosen.
In every o th e r equation than  its  own, the £ is in s ig n if ic a n t; DM 
is s ig n if ic a n t in  on ly the £ and its  own equations. Hence, a th re e  
equation system  (exc lud ing  £ and DM) is considered in  a d d itio n  to  the 
f iv e  equation  system. R esults fro m  fo re ca s tin g  the BVAR(5) (Table 
3.6) are m arked ly  w orse than fo r  the  random  w a lk  o r VAR models. For 
no equation in  e ith e r o f these systems is the BVAR RMSE value ever 
b e tte r  than  the  random  w a lk  a t any fo re c a s t ho rizon . W ith  a loosening 
o f the  tig h tn e ss  pa ram ete r the  re su lts  e ffe c t iv e ly  rem ained 
unchanged. Even when g re a te r s tru c tu re  is  imposed on the s tanda rd  
e r ro r  m a tr ix ,  the  BVAR model is never b e tte r than  the random  w a lk . A t 
tim es the  pe rfo rm ance  is  cons iderab ly  worse, as can be seen fro m  the 
T h e il U s ta t is t ic s . Table 3.6 also re p o rts  the RMSE values f o r  an 
AR(6) and an exponen tia l sm oothing model and in  no case is the  RMSE
27 An a lte rn a tiv e  exp lana tions is  th a t the model pa ram ete rs  are tim e  
va ry ing .
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value below th a t  of the  random  walk.
3 .4 .4 . F o r e c a s t s  u s in g  W eek ly  D a ta
In itia l estim ation  of the  models s ta r t s  f rom the  beginning of
1/1/79 un til 6 /1 /87 . In itia lly  a model w ith  eight lags is used; 
however, te s tin g  supports  r e s tr ic tin g  the  model to  fo u r lags. The 
fo re c a s t  re su lts  a re  rep o rted  in Table 3.7. T ests fo r  the  ex istence 
of a  s tru c tu ra l  b reak  a t  January  1984 fa il to  r e je c t  the  null 
hypothesis of p a ram ete r constancy fo r  all exchange ra te s  a t  the  one 
per cent level of sign ificance. The null hypothesis of a b reak  a t 
February  1985, found by Tease (1988), is accepted a t  the  five per 
cent level fo r  a ll bu t the  £ and the  DM. This model fo re c a s ts  b e tte r  
th an  the  random  walk a t  a one week horizon fo r  $US, Y and DM and 
sligh tly  w orse fo r  £ and TWI. The perform ance of a ll of the equations 
d e te r io ra te s  quickly and all a re  f a r  w orse than  the  random  walk a t 
the  fo u r week horizon. The BVAR models again  fa il to  improve upon the 
VAR models as does the  u n ivaria te  re s tr ic te d  AR(12) model. The 
exponential sm oothing model perfo rm s sim ilarly  to  the  random  walk
w ith  i t  perfo rm ing  m arginally  w orse fo r  all cu rrenc ies bu t the TWI.
The conclusions support the  findings of Meese and Rogoff (1983) 
th a t  th e re  does not appear to  be any tim e se rie s  model which is
capable of im proving upon the  random  walk model. Models w ere found 
w ith  p red ic tive  power w ith in  sam ple, bu t th e ir  fo re c a stin g  pow er w as 
poor when com pared w ith  the random  walk. The find ings d isag ree  w ith 
those of Lowe and T revor (1986) who find  th a t  the  average m arket 
p a rtic ip a n t pe rfo rm s b e tte r  than  the  random  walk. No evidence is
found to  support th is , and alm ost any naive fo recastin g  ru le  improves 
upon the average m arke t p a r tic ip a n ts ’ fo re c a s t.
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It is unclear why individuals do not simply quote the  spot ra te  
as th e ir  fo re c a s t of the  fu tu re  spot r a te  in the  sh o rt run, given the 
poor fo re c a s tin g  perform ance of these  individuals and the
dem onstra ted  inab ility  of models to  fo re c a s t the  spot ra te .
3.5. S k e w n e s s  in  $A R e t u r n s
Section 3.3 estab lishes th a t  over the  period from  1985 to  1987 
m arket an a ly sts  expected the $A to  deprecia te , desp ite  the  f a c t  th a t  
on average the  $A apprecia ted . These expecta tions a re  shown to  be 
re la te d  to  a fundam ental exchange ra te  (PPP), which ind ica tes the  $A 
is over-valued. This section provides evidence th a t  movements in the 
$A ag a in st a num ber of d iffe re n t cu rrenc ies a re  highly skewed. An 
analysis of the  cause of the  movements suggests th a t  the  skew ness is 
re la te d  to  the  over-valuation  of the  $A and, in p a rtic u la r , to  the  
unsusta inab le  n a tu re  of the  debt/GD P ra tio  in A ustra lia . Exchange 
r a te  variab les a re  in f i r s t  d iffe ren ce  of the  logarithm s, i.e. 
As[a/b] = lOOxllnlS^ ) -  ln(S^)), and rep re sen t the  percen tage  
re tu rn  from  converting currency  b into currency  a fo r  one period, and 
A s[b/a] = -A s[a/b]. The section  is sp lit in to  th re e  sub -sec tions and 
they  show skew ness in the  f i r s t ,  second and th ird  m oments of $A 
re tu rn s .
3.5.1 S k e w n e s s  in  t h e  Mean o f  E xchan ge  Rate R e t u r n s
Table 3 .8  provides m easures of the  th ird  c e n tra l moment over a 
range of d if fe re n t tim e periods, and i llu s tra te s  th a t  skew ness has 
become m ore m arked since the  f lo a tin g  of the $A in December 1983 (the 
d a ta  used is described  in the  D ata Appendix). This skewness is also 
observed acro ss  varying tim e lengths from  one up to  fou r weeks, see
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Table 3.9.
Skewness in the  movement of exchange ra te s  is observed fo r  many
currenc ies  from  less developed coun tries; however, exchange ra te
movements fo r  the  m ajo r cu rrenc ies of the  w orld tend  to  be sym m etric.
Tables 3.10 and 3.11 show the th ird  c e n tra l moment fo r  the  $A aga in st
28a se rie s  of cu rrenc ies  as well as fo r  the  c ro s s - ra te s . The negative 
skew ness observed fo r  the  $A is not observed fo r  any of the  
c ro s s - ra te s  w ith  the  exception of the  YEN/$US ra te . The A ustralian  
currency  w as the  f i f th  la rg e s t tra d e d  in the  w orld on 1989 trad in g  
fig u res; i t  is no tew orthy  th a t  the  $A behaves so d iffe re n tly  to  the  
o th er h ig h ly -trad ed  currencies.
These skew ness m easures a re  supported  by F igures 3.8 and 3.9 
which show the  d is tr ib u tio n  of exchange ra te  re tu rn s  fo r  one and fou r 
weeks since January  1986. The fig u res  a re  construc ted  using the 
n o n -p aram e tric  G aussian kernel, which is calcu lated  as
T
Z K(z -  z ), t  = 1, . . . ,  T
J=i t j
w here
K(z -  z ) 
t J
exp
/ Zn h
1 z  -  z  t J
2x
2 h
h = <r T and <r is the  s ta n d a rd  e rro r  of the  observations z , j  
z z j J
1, T. The re su lts  of the  Epanechnikov kernel, which is
ca lcu la ted  as
K(z
t ZJ}
-  z )2/5> 
J
z
t
o th e rw is e
z
j
a re  s im ilar. Silverm an (1986) d iscusses the  re la tiv e  effic iency  of
The c ro ss r a te s  a re  derived as the  ra t io  of exchange ra te s  involving 
the $A, e.g. YEN/$US = (YEN/$A)/($US/$A).
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these  a lte rn a te  kernels, and finds th a t  the  Epanechnikov kernel is 
superio r. In F igure 3.8 the d istrib u tio n  of As[TWI/$A] is com pared 
w ith  a norm al d istrib u tio n , while in F igure 3.9 the  d istr ib u tio n  of 
As[Y/$A] is com pared w ith  the la rg e s t negatively skewed d istrib u tio n  
not involving the $A, i.e. As[Y/$US].
Evidence of a skewed d istr ib u tio n  in $A re tu rn s  com pared to  a 
sym m etric d is tr ib u tio n  betw een the  cross ra te s  is supported  in Table
3.12 which re p o r ts  the  re su lts  of a n o n -p aram etric  skew ness te s t . 
This te s t  is described  in Appendix 3.E. For each day of the  week the 
weekly re tu rn  in the  currency  is te s te d  to  see w hether it  could have 
been draw n from  a skewed d istribu tion . The te s t  req u ires  no 
d is tr ib u tio n  assum ptions, and te s ts  the  p robab ility  th a t  x = 1, . . . ,  
10 of the  la rg e s t ten  movements in the  exchange r a te  a re  positive or 
negative. The null hypothesis of sym m etry is re je c te d  a t  the  one per 
cent level if  nine o r ten  (one or zero) of the  movements a re  in the 
same d irec tion , while eight (two) movements in the  same d irection  
leads to  a  re je c tio n  of sym m etry a t  the  five per cent level. Table
3.12 re p o r ts  the  num ber of days (out of five) which exh ib its  skewness 
and the  d irec tio n  of th a t  skewness.
Skewness m easures fo r  the  A ustra lian  do llar have been ca lcu la ted  
elsew here. So (1987), using the  m ethod developed by McCulloch (1986), 
ca lcu la tes  the  p a ra m ete rs  of a  s tab le  d istr ib u tio n  and finds th a t  
while the  abso lu te  skew ness m easure is large , i t  is in sign ifican t. 
However, th is  analysis includes the period fo r  which the $A w as fixed  
and, as Table 3.8 ind ica tes, th e re  is l i t t le  evidence of skewness fo r  
th is  period. The s tab le  d istr ib u tio n  has the  log c h a ra c te r is t ic  form ,
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(3.12)i//(t) = log E(elxt)
I ik t -  | c t | a  [1 -  iß sg n (t)  tan (n :a /2 )] , a= l 
I  ik t -  I c t Ia  [1 -  iß (2 /7 r)sg n (t) l o g | t | ]  a* l
w here a  is the  c h a ra c te r is tic  exponent and is a m easure of the  w eight
of the  d is tr ib u tio n  in the  ta ils , a  = 2 im plies a norm al d istr ib u tio n
2
w ith  mean 5 and variance 2c , a  < 2 im plies an in fin ite  variance w ith 
mean 5, and a  ^  1 im plies the  mean does not ex is t. The skewness 
p a ram ete r ß lies in the  range [-1, 1].
Despite the  com plexity of the  d istr ib u tio n  McCulloch (1986) 
obtains consis ten t e s tim a tes  of the  p a ram ete rs  a, ß, c, S using 
p ercen tile  e s tim a tes . Denoting x  ^ as the  ith  percen tile , the
variab les and necessary  to  obtain  a , ß, c and 5 a re  ca lcu la ted  
as
and the p a ra m e te rs  of in te re s t a re  found from  Tables III, IV, V and 
VII in McCulloch (1986, p. 1117, 1118). The s tan d a rd  e r ro rs  of these 
p a ram ete r e s tim a tes  a re  ca lcu la ted  as functions of the  sam ple size, 
the  p a ra m ete r  c and the  values of a  and ß.
McCulloch a rgues th is  m ethod is reasonably  e ff ic ie n t com pared to  
the  maximum likelihood estim ates . However, as a  -* 2 o r as ß -» -1 from  
above, the  re la tiv e  effic iency  of these  e s tim a tes  approaches zero. 
Week to  week movements fo r  each of the  five se p a ra te  days a re  
investiga ted  in Table 3.13 fo r  the  $US and TWI ag a in s t the  $A. For 
the  $US, the  skew ness p a ram ete r is sign ifican tly  negative fo r  th re e  
days (and a  is sign ifican tly  less than  tw o), while fo r  the  rem aining 
two days, Tuesday and Wednesday, the  skewness co effic ien t w as g re a te r  
in absolu te  te rm s th an  -1. For the  TWI a  is sign ifican tly  less than  2
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and the skewness c o e ff ic ie n t is a lw ays negative and lies  between -1 
and 0. Th is  c o e ff ic ie n t is s ig n if ic a n t ly  less than zero fo r  Thursday 
and F riday .
Table 3.14 re p o rts  the re s u lts  fo r  day to  day movements in  the 
spot ra te  fo r  each day o f the  week. The skewness param ete r, ß, is 
never s ig n if ic a n t ly  less than  zero. The f in a l colum n in  th is  tab le  
aggregates across a ll days and fin d s  a s ig n if ic a n t negative
c o e ff ic ie n t fo r  the $US, a lthough the TWI s t i l l  shows no evidence o f 
skewness.
F in a lly , Table 3.15 analyses weekly movements o f the $US and TWI
aga ins t the  $A over a number o f periods since 1979. The evidence
supports  the hypothesis th a t movements in  the $US fo llo w  a norm al
d is tr ib u t io n , a t leas t up to  the f lo a t  a t the end o f 1983, w ith  a
in s ig n if ic a n t ly  d if fe re n t  fro m  tw o  and ß in s ig n if ic a n t ly  d if fe re n t
29fro m  zero. The same re s u lt does not ho ld  fo r  the  TWI, a lthough i t  
does no t e x h ib it  any skewness. Over the  post-1984 period  the skewness 
c o e ff ic ie n t is  negative and h ig h ly  s ig n if ic a n t, the  a pa ram ete r
es tim a tes  are ve ry  low  and in s ig n if ic a n t ly  d if fe re n t  fro m  u n ity . The 
evidence suggests th a t  the re  was a change in  the behaviour o f the $A 
p re -  and p o s t- f lo a t.
The evidence has shown th a t the  $A is skewed; however, an 
exp lana tion  fo r  th is  is  no t apparen t. The te rm s o f tra d e , a rguab ly
the  m a jo r d e te rm inan t o f the  re a l exchange ra te  (see M urphy and Sm ith  
(1990)), f e l l  s u b s ta n tia lly  fro m  100.6 in  1985.1 to  91.9 in  1985.4 
and continued to  f a l l  in  1986, bu t a t a s low er ra te , fro m  91.9 in  
1985.4 to  87.0 in  1987.1. The te rm s o f tra d e  have since recovered to
29T h is  con fo rm s w ith  d ire c t estim ates o f the  skewness and ku rto s is  
measures.
99
113.4 in 1989.1. Despite th is , the  ten  la rg e s t weekly changes of the  
$A ag a in st the  TWI over the  period January  1986 to  April 1989 a re  all 
fa lls . Table 3.16 re p o rts  the  events which w ere quoted in the  
A ustra lian  F inancial Review as the  p rim ary  cause of the  fa lls . While 
th is  ignores overseas perception  of A u stra lia ’s perfo rm ance, Wong 
(1987) shows th a t  the  m ajo r source of "news" a ffe c tin g  the $A is in 
f a c t  gen era ted  in A ustra lia  r a th e r  than  overseas. Of p a rtic u la r  
in te re s t  is th a t  five of the  seven events fo r  which some exp lanation  
is found, re la te  to  e ith e r  the  c u rre n t account problem  or the  
d isappoin ting ly  slow recovery  of the  A ustra lian  rea l economy.
Table 3.16 is an e x -p o st analysis of the  causes of $A movements 
and, as such, is not as valuable as an e x -an te  analysis. Such an 
analysis would re f le c t  to  a g re a te r  ex ten t the  tru e  causes of $A 
movements. Over the  period of analysis th e re  have been th ir ty -n in e  
c u rre n t account announcem ents and only two of these  appear in Table 
3.16. An analysis of the  response of the  exchange ra te  to  c u rre n t 
account announcem ents shows th a t  over the th ir ty -n in e  announcem ents 
betw een January  1986 and April 1989 the average fa ll  in the  exchange 
r a te  in the  subsequent week, i.e. s^ - s  , is +0.2727. com pared to  a 
mean weekly change over the  en tire  sam ple of +0.0067.. In f a c t  the  
exchange r a te  fe ll fo r  only six teen  out of th ir ty -n in e  announcem ents, 
and on all but fo u r occasions the  exchange r a te  made up the  lost 
ground w ith in  tw o days. A sim ple co rre la tio n  coeffic ien t betw een the  
c u rre n t account d e fic it and the  movement in the  exchange r a te  is 
-0.391.
Evidence ind ica tes th a t  the  c u rre n t account and the  assoc ia ted  
debt/G D P ra tio  is a  cause fo r  some of the  skewness observed in the  $A 
re tu rn s . However, the  negative movements a re  tem porary , and o ften
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subsequently  o f fse t by a se rie s  of sm all positive re tu rn s , re tu rn in g  
the  $A to  i ts  previous high levels.
3 .5 .2 . S k e w n e s s  in  th e  V a r ia n c e  o f  E x c h a n g e  R a te  R e tu r n s
The variance of the  movements in the  $A plays an im portan t role 
in determ ining  the  risk  prem ium, fo r  the  g re a te r  the  sp read  of 
possible re tu rn s , the  h igher the  average re tu rn  an individual 
req u ires . Section 3.6 ca lcu la tes  the  r isk  prem ium  and th a t  section
shows th a t  the  e s tim a ted  variance in the  movements of the  $A a re  not 
tim e in v arian t, w ith  conditional variances su b stan tia lly  la rg e r  than  
the  unconditional variances. This is not an unusual phenomena. There
is extensive evidence of (G eneralised) A utoregressive Conditional 
H etero scedastic ity , (G)ARCH, found in exchange r a te  d a ta , fo r
exam ple, Engle and Bollerslev (1986), Diebold and Nerlove (1989), 
Milh</>j (1987) and Bailie and Bollerslev (1989). ARCH w as f i r s t  
d iscussed by Engle (1984); it  im plies th a t  the  variance of the
movements in the  exchange r a te  a re  such th a t  periods of large 
movements c lu s te r  to g e th e r, as do periods of re la tiv e  s tab ility .
Assuming th a t  exchange ra te s  follow  a random  walk and th a t  the  
conditional variance  of the  e r ro rs  follow  an ARCH(q) process, a model 
of exchange r a te s  is w ritte n
s -  s = e , (3.13)
t+i t t+i
E (c ) = 0
t t+i
* 2
V (e ) = h = /i + Z a  e (3.14)
t t+i t+i i=0 i t-i
i.e. c In ~ N(0, h )
t+i1 t t+i
w here s is the  log of the  spot r a te  in period t+1, a  ^ 0, i = 1, 
t+i i
q, and £2 is the  in form ation  se t available a t  tim e t. Thet
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uncond itiona l variance  is w r it te n  as V(e ) = i i / ( l  -  Z a ) .  I f  ct+i 1=1 i t+i
is co n d itio n a lly  norm a l, then the fo u r th  uncond itiona l moment w i l l  be
4
le p to k u r t ic  and exceed 3cr as
3 < r (1+ Z a )i = l i
(1 -  Z a )  (1 + 3  Z a )
1=1  i 1=1 1
and w ith  Z a ^ 0 ^ u ^ 3 c r .
1 4
The GARCH model genera lises the ARCH equation (3.14) as
m p
V (e )t  t+i f + Z a e  + Z ß h ,1 = 0 1 t - l  1 = 0 1 t - i
fo llo w in g  B o lle rs lev  (1986), and d e fin in g  
equation (3.15) is rea rranged
(3.15) 
h
t+T
ji + Z (a + ß )e -  Z ß <z> + ip ,
1 = 0 1 1  t - l  1 = 0 i * t - i  * t+ l
(3.16)
where m = m ax{p, q>, a^ 2: 0 and ß  ^ £ 0, i  = 1..., and a = 0 fo r  i > 
q and ß^ = 0 f o r  i  > p. Th is  is  com parable to  an ARMA(m, p) model 
w ith  a^+ ß  ^ m easuring the  AR component and -ß^ the MA component.
The a t t ra c t io n  o f th is  analogue is  th a t a co rre lo g ra m  o f the 
squared res idua ls  can then be used to  id e n t ify  the o rd e r o f m and p.
The uncond itiona l va riance , V(e )
t+i
H/(  1 -  Z (a + ß )) as E(v )
^  1=0 1 1  t
0. GARCH processes have been found to  f i t  the  da ta  reasonably w e ll,
30
both  Engle and B o lle rs lev  (1986) and B a ilie  and B o lle rs lev  (1989) 
use a GARCHÜ, 1) model. The evidence o f these papers suggests th a t 
the  co n d itio n a l variance  may be in te g ra te d  o f o rd e r one, (1(D), i.e.
m
Z (a + ß ) = 1, such th a t the  uncond itiona l va riance  is  undefined 
1 =  0 1 1
and the  co n d itio n a l variance  k steps ahead is the  same as th a t fo r
30 B a ilie  and B o lle rs lev  using d a ily  data  include d a y -o f- th e -w e e k  dummy 
va ria b le s  to  a llo w  the  co nd ition a l va riance  to  va ry  across days, 
however i t  appears th a t these w ere la rg e ly  in s ig n if ic a n t (see th e ir  
Tab le  3).
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one step  ahead.
A GARCH model is estim ated  using both daily and weekly d a ta  (see 
D ata Appendix), as both exhibit s trong  evidence of lep tokurtosis , a t 
lea s t in the post f lo a t  period. A corre logram  of the  squared  e r ro r  
te rm  is used as an indication of the  se ria l c o rre la tio n  in the
conditional e r ro r  variance. Both the  weekly d a ta  and, to  a g re a te r  
ex ten t, the  daily d a ta  show considerable evidence of GARCH. For the 
weekly d a ta  th e re  a re  no sign ifican t points beyond the  fo u rth  lagged 
term , w hereas fo r  the  daily d a ta  th e re  a re  s ig n ifican t te rm s as high 
as f if te e n  lags.
N onsta tionarity  poses a po ten tia l problem  in analysing the
condition variance. Consequently, F igures 3.10 and 3.11 plot the  
recu rsive  es tim a tes  of the  unconditional variance of exchange ra te
re tu rn s  using both daily and weekly movements. For weekly d a ta , the 
p lo ts of a ll cu rrenc ies  a re  s im ila r and suggest th a t  the  conditional 
variance is nonsta tionary , w ith  m arked increases in the  variance  in 
December 1983 w ith  the flo a tin g  of the  $A, and in February  1985
coinciding w ith  a s h if t  to  a checklist approach  to  con tro l money
supply. For the  daily da ta , evidence fo r  th e  ex istence of
n o nsta tionary  conditional variance is ambiguous.
A high o rd er ARCH model is f i t te d  to  both the  daily  d a ta  and the 
weekly d a ta , in an a ttem p t to  cap tu re  the  m ovem ents of the  weekly 
d a ta  and p o ten tia l seasonal (daily) p a tte rn s  in the  daily da ta  
(d ay -o f-th e -w eek  dummies a re  included fo r  the  daily  data). OLS is 
used to  e s tim a te  these  ARCH models desp ite  the  d istu rb an ce  te rm  being 
he te ro sced astic , see Pagan and Schw ert (1990). T ables 3.17 and 3.18 
re p o rt the  re su lts  from  f it t in g  a re s tr ic te d  ARCH(5) model to  both
the  daily and weekly d a ta , W hite’s h e te ro sced as tic  consisten t
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Standard  e rro rs  a re  rep o rted  along w ith  the OLS stan d a rd  e rro rs . For 
the  daily d a ta  th e re  is evidence th a t  the  unconditional variance
varies  ac ro ss  days; specifically  the  F riday to  Monday movement has 
the  sm allest unconditional variance, while the  Tuesday to  Wednesday
one has the  la rg e s t. The co effic ien ts  on the ARCH p a ram ete rs  a re
highly s ig n ifican t, although the  fo u rth  and f i f th  a re  not 
s ign ifican tly  d iffe re n t from  zero. For the  weekly d a ta  only the  th ird  
lag is sign ifican tly  d iffe re n t from  zero  across all sub-periods. The 
exp lana to ry  pow er of these  models is low.
F ittin g  a GARCHd, 1) model to  each of the  exchange r a te  se rie s ,
increases  the  value of the  likelihood function  fo r  both weekly and 
31daily da ta . Table 3.19 p resen ts  the  re su lts . For the  weekly d a ta  
over the  period 1979-1989 the point e s tim a tes  of the  sum of the  
co effic ien ts , i.e . a  + ß, a re  close to  unity , although a t - t e s t  of 
the  null hypothesis a  + ß = 1 re je c ts  Hq fo r  all but the  $US. The 
app lication  of the  GARCH model over th is  period is not a p p ro p ria te
due to  the  considerable evidence of n o n sta tio n a rity  over the  e n tire  
period. The point e s tim a tes  fo r  the  period 1984-1989 a re  m arkedly 
less p recise. Even though the  sum of the  point e s tim a tes  lie fu r th e r  
aw ay from  unity , the  hypothesis th a t  they a re  equal to  unity  can only 
be re je c te d  fo r  TWI, and £. The assum ption th a t  the  co effic ien ts  on 
these  variab les  a re  zero  in each equation is re je c te d . For the  daily  
d a ta , the  sum of the  co effic ien ts  a re  sign ifican tly  d iffe re n t from  
unity . This leads to  a re je c tio n  of the  hypothesis th a t  the  
conditional variance  is in teg ra ted  of o rd er one. A GARCHd, 2) model 
proved to  be less acceptable.
31I would like to  thank  Adrian Pagan fo r  making availab le a p rogram  to  
es tim a te  these  processes.
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The large  negative skewness p resen t in the  movements of the  $A
suggests th a t  th e re  may be asym m etric  movements in the conditional
variance  as well. Nelson’s (1990) asym m etric  model is w ritte n  
q p
ln(h ) = ß + £ 0 ln(h ) + £ a  Z , (3.17)
t  ^  j = i  j t-J  k = l k t - k
w here Z = [ (y | 0  I -  ( 2 / tt)1 / 2 ) + 50 ] and 0 = c /Vh . This
t - k  1 t - k 1 t - k  t  t  t
model is known as the  Exponential GARCH (EGARCH). The p a ram ete rs  a re
iden tified  by se ttin g  y = 1. A negative value fo r  5 in equation
(3.17) im plies th a t  th e re  is g re a te r  v o la tility  assoc ia ted  w ith
negative th an  positive re tu rn s . The re su lts  a re  rep o rted  in Table
3.20. The re su lts  fo r  the  daily d a ta  show th a t  a ll coun tries  have a
negative 5 which is sign ifican tly  d iffe re n t from  zero  a t the  one per
cent level. Weekly d a ta  over the  p o s t- f lo a t period exhibited  large ,
32but in sign ifican t, negative 5 values.
Finally, a  n o n -p aram e tric  technique is used to  e s tim a te  the
conditional variance. The approach is discussed in Section 3.5.1, and
Pagan and Schw ert (1990) argue th a t  i t  is b e tte r  than  e ith e r the
GARCH or EGARCH procedures a t  identify ing  w ith in  sam ple movements.
The Epanechikov kernel is used f  or estim ating  the  conditional
2
variance. This kernel uses a w eighted average of the  term s
T T2
£ w e , 
J=i Jt J
£ w 
J=i
s -  s , t  t-T
and z = e is the  conditioning se t.
P lo ts of the  conditional variance  ag a in st z^ fo r  the  daily d a ta  
a re  in F igure 3.12. The G aussian kernel produces sim ila r p lo ts  th a t  
a re  less sm ooth in the  ta ils . The p lo ts show evidence of considerable
32For the  $US and £ the  program  fa iled  to  converge to  a solution.
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asym m etry in the  conditional variance over the  period of analysis 
ac ro ss  a ll cu rrencies. Specifically , a large negative re tu rn  las t 
period w ill produce la rg e r  movements th is  period than  an equally size 
positive movement in the  exchange ra te . This asym m etry in the 
variance  is sim ila r to  the  re su lt  found by Pagan and Schw ert (1990) 
in th e ir  analysis of U.S. stock m arket re tu rn s  in the  n ineteenth  
cen tu ry  and is indicative of a nervous m arket. An apprec ia tion  of an 
exchange r a te  is likely to  have l i t t le  e ffe c t, w hereas a  depreciation  
causes fu r th e r  large  movements in the  $A. For the  c ross r a te s  th e re  
is also  some evidence of skewness in the  conditional variance of 
exchange r a te  re tu rn s . For exchange ra te s  ag a in st the  $US, the 
skew ness is less m arked than  th a t  aga in st the  $A, and is not 
consis ten t in one d irec tion  acro ss the a lte rn a tiv e  ra te s .
P lo ts of the  conditional variance a re  less skewed fo r  weekly 
movements of the  $A post-1984. While fo r  the $US and £ th e re  is s till  
evidence of a skewed conditional variance, th is  is no longer the  case 
fo r  DM and Y. P a r t  of the  explanation  fo r  th is  could be the  e ffe c ts  
of agg rega ting  ac ro ss  daily movements, which may remove the  skewness.
3.5.3. S k e w n e s s  in  th e  S k e w n e s s  o f  E xchan ge  R ate R e tu r n s
Extending th is  analysis to  study the  th ird  moment of $A re tu rn s
finds  a su b s ta n tia l asym m etry in the  conditional skew ness in response
to  positive and negative re tu rn s  in the  previous period. The
procedure used is sim ila r to  th a t  f  or ca lcu la ting  the  conditional
variance  but now 
T
u = I  w c .
J=i Jt J
F igures 3.13 shows the  conditional th ird  moment ag a in st re tu rn s  in 
the  previous period. The daily p lo ts fo r  a ll but the  DM show th a t
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large  negative re tu rn s  in the  previous period a re  associa ted  w ith 
re tu rn s  draw n from  a negatively skewed d istr ib u tio n  th is  period. 
Positive re tu rn s  in the previous period a re  associa ted  w ith  re tu rn s  
from  a m ore sym m etric d istr ib u tio n  th is  period. For the weekly da ta  
the  negative re tu rn s  s ti l l  coincide w ith  negative skewness, but it  is 
not alw ays the  case th a t  i t  is the  la rg e s t negative re tu rn s  in the 
previous period which a re  associa ted  w ith  la rg e s t negative skewness.
In conclusion, $A re tu rn s  a re  highly skewed in the  f i r s t ,  second 
and th ird  moments. Skewness is not observed in the  mean re tu rn s  fo r  
any of the  c ro ss  ra te s , although sligh t skewness is observed in the
conditional variance fo r  these  c ross ra te s . This skewness makes the  
A ustra lian  currency  resem ble the  cu rrenc ies of developing coun tries, 
r a th e r  th an  those of developed coun tries. The evidence suggests th a t  
the  skew ness is re la te d  to  the  over-valued $A and an unsustainab le  
debt/G D P ra tio .
The f i r s t  p a r t  of th is  ch ap te r analyses fe a tu re s  of the $A: high 
in te re s t r a te s  and re tu rn s  available in A ustra lia  com pared to  the  
r e s t  of the  w orld; ineffic iency  in the  fo re ign  exchange m arket caused 
by m arke t an a ly sts  discounting the  $A com pared to  i ts  over-valued
position; and the  skewed movements in the  $A again  re la te d  to  the
over-valued  $A. The second p a r t  of th is  chap te r now a ttem p ts  to  
d iscuss possible exp lanations fo r  these  c h a ra c te r is tic s .
3.6. D eterm in ing  the  R isk  Premium
Section 3 .3  suggests th a t  the  size of the  r isk  prem ium  necessary  
to  induce a U.S. investo r to  invest in A ustra lia  is sm all, and
in su ffic ien t to  account fo r  the  ineffic iencies observed in the  
fo re ign  exchange m arket. Following Frankel and Engle (1984), th is
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section  provides fu r th e r  evidence th a t  the risk  prem ium  fo r  the  $A is 
sm all. A s ing le  period model is bu ilt fo r  a u tility  m axim ising
Am erican investor. U tility  is assum ed to  depend upon the individual’s 
lif  etim e consum ption basket, and the period of the  model is f  our 
weeks. The U.S. individual considering investing overseas is allowed 
to  choose investm ent in A ustra lia  (A), and fou r o ther countries: 
Canada (CAN); Japan  (JAP); United Kingdom (UK); and West Germany 
(GER) as well as the  United S ta te s  (US). Defining p"* as the  rea l 
r e tu rn  on the  nom inal a s se t in country  j ,  then  
, j 1 + r J (SJ / S J)1 + p = ---------------  t+i tr  us . us 
p /  pt  + 1 t
w here SJ is the  p rice  of currency  j  in $US and r J is the  nominal 
re tu rn  to  investm ent in country  j. Define p as the  column vecto r of 
rea l re tu rn s  (excluding the  U.S.) and z as the  vector of rea l re tu rn s  
re la tiv e  to  re a l re tu rn s  on the  U.S. a sse ts
usz = P -  Lp , (3.18)
l is a column vecto r of ones. The covariance m atrix  of rea l excess 
re tu rn s  is w ritte n
Q = E {(z-E z)(z-E z)’>. (3.19)
If an investo r m axim ises the  expected value and variance of her
33en d -o f-p erio d  w ealth , F rankel and Engle (1984) show
E(z) = ß cov(z, pUS) + ßfix (3.20)
w here ß  is the  co n stan t re la tiv e  r isk  aversion p a ram ete r and x is the 
column vector of non-U.S. p o rtfo lio  shares . The elem ent of E(z)
33 2 3 .Higher o rdered  te rm s of the  fo rm  x and x can be ignored as the
size of x m akes the  con tribu tion  of these  term s m inim al over and
above the  variance  term .
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A
re la t in g  to  A u s tra lia , i.e . E(z ) is a measure o f the  r is k  prem ium  
fo r  inves ting  in  A u s tra lia .
3.6.1 U n c o n d it io n a l M om ents
A
The te rm s  fo r  ca lcu la tin g  E(z ), f o r  a fo u r  week movement over 
the  pe riod  1984-1989, are in  Table 3.21. The excess re tu rn  is 
ca lcu la ted  as
zJ = pJ -  pUS = pUS/ p US [(1 + r J) ( l + ASJ/S J) -  (1 + r US)].t  t+ i t  t  t  t
Fo r s im p lic ity , i t  is assumed th a t (1 + r^) “  1, over a fo u r  week 
period ; th is  in troduces an average e r ro r  o f the  o rd e r (o r less than) 
one per cent. For fu r th e r  in fo rm a tio n  about ca lcu la tin g  th is  te rm  and 
the da ta  used see Appendix 3.F  and the D ata Appendix, respective ly .
Investm ent outside A u s tra lia  and the U.S. is  assumed to  amount 
to  ten  per cent o f a ll investm ent, and is  held in  the o th e r fo u r
JAP
co u n trie s  in  p ro p o rtio n  to  the size o f th a t c o u n try ’ s GNP, so x  =
0.053, x GER 0.024, x UK 0.015, x CAN 0.008. Using a ß
c o e ff ic ie n t o f tw o , the  covariance te rm s in  Table 3.21 and so lv ing 
fo r  E(z A), gives
E(z A) = [0.130 + 3 .08 x A1 7. pa. (3.21)
To induce an in ve s to r to  hold e.g. x A= 0.01 in  A u s tra lia  requ ires  a 
r is k  prem ium  o f on ly 0.167. pa, w h ich  co n firm s  the e a r lie r  f in d in g  o f 
Section 3.3 o f a sm all r is k  prem ium .
3.6 .2  C o n d it io n a l M om ents
The sample uncond itiona l covariances used in  c a lc u la tin g  Q are, 
by d e fin it io n , sm a lle r than the la rg e s t co n d itio n a l covariances in
34 Based on 1987 GNP and using exchange ra te s  in  December 1987.
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T
2 - 1 2th e  sam ple, i.e. cr^  ^ T ^  cr ,^ fo r  a t lea s t one t. Consequently, 
conditional covariances may provide a b e tte r  indication of the  degree 
of u n ce rta in ty  fac ing  an individual es tim ating  the  expected risk . 
Conditional covariances a re  ca lcu la ted  using the  non -p aram etric
estim ation  technique outlined in Pagan and Schw ert (1990). In
p a rtic u la r , the  covariance te rm s a re  ca lcu la ted  as
T T
Ab _ A b . ,  _er = Z w e e A * b Z w = 1
t  j =i  j t  t  t  J =i  Jt
w here c b = As[b/$US] pUS /  pUS, b = £, V, DM, $C, e A = As[$A/$US]t t-4 t t
US USp^ p^ and w ^  is the  w eighting scheme. The w eights a re  chosen so
th a t  po in ts close to  the  variab les upon which the  covariances a re
conditioning (the conditioning se t is denoted z) ,  a re  given large
w eights. For a  conditioning se t the  w eights a re  ca lcu la ted  as
T
w = K(z -  z ) /  Z K(z -  z ), j  = 1, . . . ,  T.
Jt t  J k=l  k t  J
The conditioning se t is assum ed to  be
z = <s[$A/$US] -  s[$A/$US] > pUS / p USt t-4 t-5 t-5 t-4
and the  tw o w eighting schem es a re  the  Gaussian and Epanechnikov 
kernels (see Section 3.5.1).
Table 3 .22 re p o r ts  the  la rg e s t conditional m oments necessary  to  
ca lcu la te  the  r isk  prem ium  m easure using the  G aussian kernel and 
equation  (3.22) ca lcu la tes  the  associa ted  risk  premium
E(zA) = [1.011 + 14.850xA] 7. pa. (3.22)
A
To hold x = 0 . 0 1  in A ustra lia  req u ires  a r isk  prem ium  of 1.1607. pa. 
Or a lte rn a tiv e ly , the  individual req u ires  a  1.1607. h igher rea l 
in te re s t  d if fe re n tia l  in A ustra lia  over th a t  in the  U .S., and fo r  
every ten  per cent increase  in the  am ount of a s se ts  held in 
A ustra lia , a t  the  expense of the  U .S., the  r isk  prem ium  increases by
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0.157. pa.
F igure 3.14 p lo ts the  tim e varying risk  premium and the increase 
in r isk  prem ium  requ ired  to  invest an additional one per cent of 
re tu rn s  in A ustra lia . Both a re  ca lcu la ted  using the conditional 
covariances a t  each point in tim e used in Table 3.22. Assuming th a t  
x JAP = 0.053, x GER = 0 .024, xUK = 0.015, x CAN = 0 .008  and xA = 0.01. 
The maximum risk  prem ium  is 0.547. and occurs a t  the  end of 1987, the 
minimum risk  prem ium  is -0.327. and occurs in August of 1986 (the 
average r isk  prem ium  is 0.077.). The maximum increase  is 0.107. in Feb 
1985 around the  tim e the  $A m assively deprecia ted  ag a in st all 
cu rrencies.
The G aussian kernel assum es an in fin ite  support, thereby  
assum ing exchange r a te  re tu rn s  vary  betw een -oo and +co. If the  
observed d a ta  only have a f in ite  support, as is the  case w ith 
exchange r a te  re tu rn s , th is  can then  lead to  pecu liar ta i l  behaviour 
by concen tra ting  on observations close to  the  ta i ls  of the 
d istr ib u tio n . Using the  Epanechnikov kernel, yields a  maximum risk  
prem ium  of 0.737. pa and AE(zA) = 0.107..
Even the  la rg e s t r isk  prem ium  es tim a tes  do not account fo r  all 
of the  positive rea l in te re s t r a te  d iffe re n tia l betw een A ustra lia  and 
the  U.S. Consequently, the  r isk  prem ium  is unable to  explain  a ll of 
the  m arke t ineffic iency  observed in the  fo rw ard  m arket. In fa c t , the 
best e s tim a te  using the  single period model is 0.7  of a  percen tage  
point.
The model considered in th is  section  is a  single period model, 
and an extensive l i te ra tu re  e x is ts  in ca lcu la ting  the  risk  prem ium  
using u til ity  m axim ising in te r-tem p o ra l models (see, fo r  exam ple, 
Domowitz and Hakkio (1985), F rankel (1988), Kaminsky and Peruga
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(1990), McCurdy and Morgan (1990) and Sm ith (1991)). However, fu r th e r  
investiga tion  of the  r isk  prem ium  using these model is not fe l t  to  be 
necessary  given the  observed excess in te re s t d iffe re n tia l com pared to 
the  maximum calcu la ted  risk  premium.
3.7. D e te r m in in g  th e  F u n d a m en ta l  E xchan ge  Rate
The previous section  estab lishes th a t  the  r isk  premium is not
large  enough to  account fo r  the  inefficiency  in the  fo re ign  exchange 
m arket. Equation (3.8) suggests th a t  expecta tions a re  re la te d  to  a 
fundam ental exchange ra te , using a PPP model and Figure 3.5 shows 
th a t  if  PPP holds then  the  $A needs to  deprecia te . In th is  section
fundam ental, or long-run , exchange r a te  models of the  $A a re  built.
The section  considers a range of models s ta r tin g  w ith  the  simple 
PPP model and the  w eaker version which only req u ires  a s tab le  
re la tio n sh ip  w ith  no co n s tra in t on the p a ram ete r values betw een
dom estic and fo re ign  p rices and the  exchange ra te . This model is then 
extended along the  lines suggested  by Johansen and Juselius (1990) 
and Juselius (1990) by including in te re s t r a te  variab les. M onetary 
models w ith  c u rre n t account variab les a re  also  considered as 
equilibrium  or fundam ental exchange r a te  models. A num ber of these 
m odels suggest th a t  the  $A is over-valued. In th is  case, it  is 
p e rfe c tly  ra tio n a l fo r  expecta tions to  p red ic t a dep recia tion  of the
exchange ra te , even when the ac tu a l exchange ra te  app rec ia tes.
3.7.1. P u r c h a s in g  P ow er  P a r i ty  (PPP)
PPP s ta te s  th a t  the  exchange r a te  betw een tw o coun tries  moves so 
as to  equate  th e ir  respective  prices. Assuming th e re  a re  zero 
tra n s p o rta tio n  costs , no product d iffe re n tia b ility  betw een the  two
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coun tries , and the same ra te  of technical grow th, PPP suggests
s (U S /A )  _  p * / p A 
t t t (3.23)
* Aw here S is the  spot r a te  and P and P a re  the w orld and dom estict t t
p rices, respectively . G oodhart (1988) believes in a PPP re la tionsh ip  
s ta tin g  th a t  "cu rren t theory  im plies th a t , over the  medium and longer 
te rm , exchange ra te s  should be anchored by fundam ental conditions, 
notably  purchasing  power p a rity  (PPP)." Expressing equation (3.23) in 
r a te s  of change
AS /St
* A= n -  n ,t-i t  t (3.24)
*
w here n , is the  r a te of f  oreign in fla tion  and ?rA A ustralian
in fla tion . G oodhart is not alone in believing in a s tab le
re la tionsh ip , see, fo r  exam ple, Hakkio (1984), M anzur (1988b),and 
Koedijk and Schotm an (1990), who accept the  PPP rela tionsh ip .
One of the  problem s in te s tin g  PPP is th a t  da ta  a re  not 
availab le  over a su ffic ien tly  long horizon, and in the  sh o rt run, 
exchange r a te  movements due to  noise tend to  dom inate movements due 
to  the  fundam entals. The basic PPP condition has been re je c te d  in a 
num ber of em pirical s tud ies (see, fo r  exam ple, Frenkel (1981), Manzur 
(1988b), Blundell-W ignall and Thomas (1987), Corbae and O uliaris
(1988) , T aylor (1988, 1990), Nelson (1990), and P a te l (1990)). Of
these , Corbae and O uliaris (1988), Taylor (1988), Nelson (1990) and 
P a te l (1990) use the  co in teg ra tion  technique to  te s t  fo r  PPP and 
r e je c t  the  hypothesis th a t  re la tiv e  p rices  and exchange r a te s  a re  
co in teg ra ted  fo r  a  num ber of exchange ra te s .
More recen tly  a num ber of au tho rs  have explo ited  the
m u ltiv a ria te  co in teg ra tion  technique to  te s t  fo r  PPP. Adam and Bewley
(1989) , use a  vecto r co in teg ra tion  m ethod developed in Bewley e t al. 
(1988), to  te s t  fo r  PPP betw een A ustra lia  and the  U.S. over the
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period 1974.1-1988.1. The re su lts , they suggest, a re  supportive of 
long-run  PPP a t  lea s t un til the end of 1984. In addition, Juselius
(1990), Johansen and Juselius (1990) and Kim (1990) using the
Johansen (1989a, b) procedure find  evidence fo r  the  ex istence of a 
PPP rela tionsh ip .
This section  undertakes a s im ila r analysis fo r  A ustra lia  aga inst 
fo u r coun tries; U .S., U.K., West Germany and Japan. Q uarterly  da ta  
over the  period 1970.1-1988.4 is used (see the D ata Appendix fo r  a 
descrip tion  of the  da ta ). The hypothesis of PPP d ic ta te s  th a t  the  
re a l exchange ra te , defined as the  nominal exchange r a te  divided by 
re la tiv e  p rices, is s ta tio n a ry . The ADF s ta t is t ic ,  rep o rted  in Table 
3.23, is used to  determ ine the  o rder of in teg ra tio n  fo r  a ll of the  
nom inal and re a l se rie s . Up to  fo u r lags a re  considered in the  ADF
te s t  as the  d a ta  is q u a rte rly . For all nominal exchange ra te s  and
p rices, the  null hypothesis th a t  the  se rie s  a re  in te g ra te d  of o rder 
one fa i ls  to  be re je c te d  (Perron  and Ph illips’ ZU^) s ta t is t ic  
allow ing r  = 12 suppo rts  these  findings). Relative p rices (w ith the 
exception of pUS/ p A and pGER/ p A fo r  m = 4) and the  rea l exchange
ra te s , fa i l  to  r e je c t  the  null hypothesis, and hence re je c t  the  PPP 
re la tionsh ip .
Figure 3.15 p lo ts  the  rea l exchange ra te  fo r  each of the 
coun tries . The g raphs support the  em pirical find ings as th e re  a re
la rg e  d e p a rtu re s  of the  rea l exchange r a te  from  unity  w ith  no obvious 
tendency to  re tu rn . ADF te s ts  fo r  the  ex istence of a  second un it roo t 
in any of these  se rie s  is re je c te d  a t  the  five per cent sign ificance 
level.
A m ore general version of PPP considers a  s tab le  re la tionsh ip
betw een the  spot r a te  and the  two p rices w ithout the  c o n s tra in t of
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the  un it coe ffic ien t on the  re la tiv e  p rices
s = a  + ß p  + ß p + e (3.25)t i t  2 t  t
*  *
= lnlS^), p^ = ln(P^), and Pt = ln(P ). The tw o co in teg ra ting  
V ector AutoRegressive approaches of Bewley e t al (1988) and Johansen 
(1989a, b) (see Supplem ent A) a re  used to  estab lish  w hether even the 
weak version of PPP holds fo r  A ustralia .
The Johansen (1989a, b) procedure is sim ilar to  th a t  of Bewley
35
e t al (1988) and is concerned w ith  a m u ltiv a ria te analysis.
E stim ation of the reduced f  orm ECM (see equation (S.A.7) in
Supplem ent A) suggests th a t  k = 3 is su ffic ien t to leave the
resid u a ls  se ria lly  unco rre la ted . The evidence rep o rted  in Table 3.24 
finds a  co in teg ra tin g  re la tionsh ip  betw een the spot r a te  and re la tiv e  
p rices  fo r  a ll but the  U.K., a t  lea s t a t the  ten  per cent 
sign ificance  level. These re su lts  exclude a tim e tre n d  from  the  VAR 
in levels, and hence perm it an in te rcep t in the  co in teg ra ting
re la tionsh ip . The re s tr ic tio n  th a t  the  coeffic ien ts  on the  variab les
«
(s^, p^, p^) a re  (1, -1, 1) is re je c te d  a t  the five per cent level of
36sign ificance  fo r  West Germany and accepted  fo r  the  U.S. and Japan.
Allowing fo r  a  d e te rm in is tic  tre n d  in the  reduced form  ECM leads 
to  a re je c tio n  of the  hypothesis of a co in teg ra ting  re la tionsh ip  
betw een the  spo t r a te  and the  tw o prices fo r  the  U.S., while fo r  the  
U.K th is  hypothesis continues to  be re je c te d . For Japan and West 
Germany a co in teg ra tin g  re la tio n sh ip  hypothesis continues to  be 
accepted.
35 Relaxing the  assum ptions of zero  tra n sp o rta tio n  costs , identical 
p roducts, and the  sam e techn ical grow th  ra te s .
36 These re su lts  a re  s im ila r to  those produced by the  Bewley e t al. 
(1989a, b) method.
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Johansen and Juselius (1990) and Juselius (1990) both include
the Uncovered In te re s t P a rity  condition (UIP) of equation (3.1) as an 
add itional equation re levan t in determ ining  PPP, arguing th a t
in te re s t  r a te  movements a re  im portan t. U ndertaking a s im ila r analysis 
f  or th is  d a ta  shows the  ex istence of a t  lea s t one co in teg ra tin g  
re la tio n sh ip  fo r  each of the  fo u r coun tries; however, the
co e ffic ien ts  b ear l i t t le  resem blance to  PPP equation , co n tra ry  to  the  
find ings of Johansen and Juselius (1990) and Juselius (1990), see 
Table 3.25 fo r  the  re su lts  fo r  the  U.S.
In conclusion, the  re su lts  a re  ambiguous. T here is some evidence 
in favour of a PPP rela tionsh ip  betw een the U.S. and A ustra lia  and 
Japan  and A ustra lia . However, the  re la tionsh ip  betw een the U.S. and 
A ustra lia  is sensitive  to  the ro le  of the  d e te rm in is tic  tren d  in the  
VAR model. For West Germany and Japan th e re  is su b s tan tia l evidence 
of a  s tab le  re la tionsh ip  betw een the spot r a te  and re la tiv e  p rices 
although the  s t r i c t  PPP hypothesis is re je c te d . For the  U.K. the  
Johansen procedure re je c te d  any evidence of a s tab le  re la tionsh ip  
betw een the  exchange r a te  and re la tiv e  prices.
3.7.2. M onetary E xch an ge  Rate M odels
The basic  m onetary  model of exchange r a te  behaviour s ta r t s  from  
the  PPP basic  prem ise. Taking logarithm s of equation  (3.23) yields
us As = p -  p + v  .t  t  * t t (3.26)
Adding the  m onetary  equilibrium  condition to  equation  (3.26)
a a . a , A m -  p = k y -  b r  + et * t  t  t  it
(3.27a)
us us . us , us m -  p = k y -  b r  + e t  * t  t  t 2 t
(3.27b)
S u b stitu tin g  out pA and pUS from  (3.26) and using (3.27a) and (3.27b)
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produces
s = -m A + mUS + k (yA -  yUS) + b (rUS -  r A) + v + e , (3.28)
t t t  t t t t
G =  G -  G . 
t It 2t
Kearney and MacDonald (1990) es tim ate  th is  type of equation and 
find  no evidence in favour of the m onetary  model, although they 
assum e the  ex istence  of a single co in teg ra ting  vector. The re su lts  
fo r  a Johansen estim ation  of the  co in teg ra ting  equation (3.28) a re  
rep o rted  in Table 3.26 (the d a ta  is described in the  D ata Appendix). 
Using the  tab le s  of O sterw ald-Lenum  (1990) the  hypothesis of th ree  
co in teg ra tin g  re la tionsh ip  cannot be re jec ted . The f i r s t  of these 
m ost closely resem bles a  co in teg ra ting  vector fo r  exchange ra te s , 
w ith  the  exception th a t  the  coeffic ien t on U.S. money is inco rrec tly  
signed.
The th eo re tic a l problem  assoc ia ted  w ith estim ating  equation 
(3.28) is the  assum ption th a t  the  in te re s t d iffe re n tia l is exogenous, 
although th is  does not invalidate  the  use of the  m u ltiva ria te  
co in teg ra tion  analysis. T rad itionally , to  resolve the  problem  some 
au th o rs  su b s titu te  out the  in te re s t  d iffe re n tia l te rm  using the 
Uncovered In te re s t P a rity  (UIP) condition, see, fo r  exam ple, Sm ith 
and Wickens (1986) and Backus (1984). S etting  E(AS/S) “  E(As) in 
equation (3.1) w ith  a r isk  prem ium  denoted £V
A US _ /A . -r  -  r  = E(As ) + £ .
t t t t
(3.29)
Using equations (3.28) and (3.29), a s to ch as tic  genera ting  process,
x = x  + u + I  a  C ,
t t-i i =o l t^-i
and assum ing a unique solution to  the  in fin ite  fo rw ard  sum Sm ith and 
Wickens (1986) derive a "reduced fo rm  equation" fo r  the  exchange ra te  
as,
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(3.30)
, A US. , A US.
s = r  + ■y (-m  + m + ?  y -  y ) + t? .t  o 1 t  t  z t  t
7) is  an e r ro r  process made up o f e , i> , £ and an in f in ite  w eighted 
sum o f £ .
One im p o rta n t va ria b le  om itte d  fro m  equations (3.28) and (3.30) 
is a balance o f payments te rm . Backus (1984, p.839) exp la ins th a t
these va riab les  can be eas ily  in co rpo ra te d  in to  a P o r tfo lio  Balance 
Model, and s im ila r ly  to  the model developed by Branson and H a lttunen  
(1977).
In c o rp o ra tin g  a c u rre n t account balance va ria b le  fo r  A u s tra lia  
and the  U.S. in to  the reduced fo rm  equation (3 .30), the  re s u lts  are
re p o rte d  in  Table 3.27. Again the hypothesis o f th re e  co in te g ra tin g  
equations cannot be re je c te d . The f i r s t  resem bles a fundam en ta l
exchange ra te  equation. A ll o f the  c o e ffic ie n ts  are c o rre c tly  signed
fo r  an exchange ra te  equation, w ith  the exceptions o f the  c u rre n t
account va ria b le  fo r  the  U.S.. The re s tr ic t io n  th a t the  c o e ffic ie n ts
on the  tw o  m onetary  va riab les  are equal bu t o f opposite sign is
accepted a t the  f iv e  per cent s ig n ifica n ce  leve l and i t  is the
re s u lts  fro m  im posing th is  re s tr ic t io n  w h ich  are repo rted .
F igu re  3.16 p lo ts  the  res idua ls  fo r  th is  fundam en ta l exchange 
ra te  n o rm a lis in g  the c o e ff ic ie n t on s^ to  be u n ity , and a d ju s tin g  fo r  
s h o r t- te rm  dynam ics. The f ig u re  shows th a t since the end o f 1984 the 
res idua ls  have been p redom inan tly  pos itive , suggesting the  $A is
over-va lued . Th is  o ve r-va lu a tio n  o f the  $A is  cons is ten t w ith  the 
fin d in g s  o f M urphy and S m ith  (1990), who argue th a t the  $A is around 
ten  per cent above its  fundam en ta l pos ition .
I f  the  " tru e "  fundam en ta l exchange ra te  has been cap tu red  in  
th is  section  then i t  is  no t s u rp r is in g  th a t m a rke t p a r tic ip a n ts  
expect the  exchange ra te  to  deprec ia te  over th is  period , as the
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fundam ental r a te  implies th a t  the  ac tua l ra te  is over-valued.
3.8. T h e  ’P e so  P r o b le m ’
The ‘Peso Problem ’ w as coined to  describe the  behaviour of the
Mexican peso which, before  its  devaluation in 1976, sold a t  a
discount on the  fo rw ard  exchange m arket. The discounted fo rw ard  r a te
w as re la te d  to  the  belief in th is  m arket th a t  the  peso w as
over-valued. Hence th e re  ex isted  an expecta tion  of a su b s ta n tia l
dep recia tion  assoc ia ted  w ith  a d isc re te  policy change, in th is  case
the  Mexican governm ent devaluing the peso.
As an exam ple, suppose individuals believe th a t  the  random  walk
model w ill p revail w ith  a n inety -n ine per cent p robab ility  over the
coming fo u r week period but, w ith  a one per cent p robab ility , they
believe the  $A will fa ll  by f if ty  per cent. Then it is ra tio n a l to
expect a dep rec ia tion  of 0.57. in the  exchange r a te  every fo u r weeks.
However, over some m oderately  sized tim e period these  dep rec ia tions
e ith e r  may not occur or may occur w ith  a lower frequency  th an  th a t
37corresponding  to  m arket expecta tions. Consequently, m arke t 
expecta tions appear to  be b iased w ith  the expected exchange r a te  
p e rs is te n tly  below the  ac tu a l ra te .
The ‘Peso Problem ’ is o ften  used in defence of the  ra tio n a l o r 
e ff ic ie n t fo re ig n  exchange m arket. Lewis (1988) a rgues th a t  the  ‘Peso 
Problem ’ may p e rs is t  even a f te r  the  d isc re te  change in policy because 
‘no ise’ may com plicate m acroeconom ic in te r-re la tio n sh ip s  so th a t  
ra tio n a l agen ts  req u ire  tim e to  learn  the  new process. K rasker (1980) 
uses the  ‘Peso Problem ’ exp lanation  to  argue th a t  s ta n d a rd  te s ts  of 
m arket e ffic iency  a re  biased, as the  te s t  s ta t is t ic s  on which the
37A sim ila r analysis is given in K rasker (1980) and Frankel (1978).
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conclusions a re  based do not come from  a norm al d istribu tion . He
o ffe rs  th re e  exp lanations fo r  why the  d istrib u tio n  of the  te s t
s ta t is t ic s  may be non-norm al: skewness, lep tokurtosis , and
non-independence of the  observations. All of these  c h a ra c te r is tic s  
a re  typ ical of a  currency  su ffe rin g  a ‘Peso Problem ’ in which a
su b s ta n tia l dep rec ia tion  is continually  pred icted . Accounting fo r  
th is  ‘Peso Problem ’ by co rrec tin g  the  te s t  s ta t is t ic s  fo r  the
non-norm ality , K rasker (1980) shows th a t  the  £-DM exchange r a te
during the  German h y p e r-in fla tio n  period of January  1921 to  Septem ber 
1923 is unable to  r e je c t  the  m arket efficiency  hypothesis.
The $A can also be ch a ra c te rise d  as su ffe rin g  from  a ‘Peso 
Problem ’. Section 3.3 p resen ts  evidence th a t  m arket an a ly sts  
continually  p red ic ted  a deprecia tion  of the  $A, desp ite  a tendency 
fo r  the  exchange r a te  to  app rec ia te , which re su lts  in an observed 
ineffic iency  in the  fo rw ard  m arket. In addition, Section 3.3 shows 
th a t  the  expecta tions a re  re la te d  to  some fundam ental (PPP) exchange 
ra te  (see equation (3.8)). F igure 3.5 p lo ts the  PPP fundam ental 
exchange r a te  betw een A ustra lia  and the  U.S. and it shows th a t  the  $A 
is c learly  over-valued. Evidence in favour of an over-valued $A is 
also provided in the  models of the  f  undam ental exchange r a te  in 
Section 3.7.
Section 3.5 shows th.at the  movements in the  $A re tu rn s  a re  
highly negatively  skewed and Table 3.16 ind ica tes th a t  the  
exp lanation  fo r  a  num ber of the  large  fa lls  a re  re la te d  to  the  $A 
being above i ts  fundam ental exchange ra te . The conditional variance  
of the  $A re tu rn s  a re  also  highly asym m etric , w ith  negative re tu rn s  
assoc ia ted  w ith  a much la rg e r  variance com pared to  equally sized 
positive re tu rn s . This asym m etric  behaviour in exchange r a te  re tu rn s
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causes un certa in ty  in the  minds of the  m arket p a rtic ip a n ts  due to  the 
possib ility  of g e ttin g  th e ir  ‘f in g ers  b u rn t’. As insurance these 
individuals d iscount the  $A in th e ir  expecta tions and demand high 
re tu rn s  fo r  investm ents in A ustralia .
S im plistically , in th is  model individuals expect the  $A to 
dep rec ia te  as the  exchange r a te  is above its  fundam ental level; 
however, the  exchange r a te  is m aintained a t  th is  unsustainab le  level 
by high in te re s t  ra te s . At irre g u la r  in te rv a ls  the  $A experiences 
large  dep rec ia tions caused by bad news on the  debt/GD P ra tio , fo r  
exam ple, and the  ‘pan ic’ trad in g  th is  may cause. The fa ll  causes 
fu r th e r  large  movements in the  $A. The $A eventually re tu rn s  to  above 
i ts  fundam ental r a te  due to  the  high in te re s t ra te s . However, the  
observed tim e period fo r  th is  analysis is not su ffic ien tly  large  to  
include the  d isc re te  policy change, in A u stra lia ’s case a change in 
m onetary  policy, and the  associa ted  su b s tan tia l deprecia tion  which 
underlies the  p a r t ic ip a n ts ’ j i t te r s .  As a re su lt the  m arket continues 
to  appear in effic ien t.
It has th e re fo re  been shown th a t  the  $A exh ib its  c h a ra c te r is tic s  
typ ica l of a cu rrency  su ffe rin g  from  a ‘Peso Problem ’. According to  
K rasker (1980) th is  im plies th a t  te s ts  s ta t is t ic s  fo r  the  m arket 
e ffic iency  hypothesis may be non-norm al. However, addressing  th is  
p o ten tia l non-norm ality  of the  te s t  s ta t is t ic s  by boo tstrapp ing  the 
equations makes no d iffe ren ce  to  the  m arket ineffic iency  conclusion 
here. Consequently even in the  presence of a  ‘Peso Problem ’ th e re  is 
evidence to  r e je c t  the  m arket efficiency  hypothesis fo r  the  $A over 
the  period from  M arch 1985 to  Septem ber 1987.
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3.9. C o n c lu d in g  R e m a rk s
The risk  prem ium  calcu lated  in th is  ch ap te r does not account fo r  
the  in te re s t  d iffe re n tia l observed betw een A u stra lia  and the  U.S., 
th e re f  ore a lte rn a tiv e  exp lanations a re  sought to  account f  or the  
ap p a ren t ineffic iency  in the fo re ign  fo rw ard  exchange m arket. A 
considerable  am ount of the  ineffic iency  is due to  the  expecta tions 
e rro r , yet the  evidence shows th a t  these  expecta tions tend  to  follow  
a com bination of the  fo rw ard  r a te  and some fundam ental exchange ra te  
and s ta b ilise  the  $A movements. The expecta tions a re  a poor p red ic to r 
of the  fu tu re  spot r a te  and yield in fe rio r  o u t-o f-sam p le  fo re c a s ts  
com pared w ith  the  random  walk model and m ost o th e r sim ple tim e series  
models.
This ch ap te r has a ttem p ted  to  answ er the  question, why a re  
expecta tions a t  a discount? It suggests th a t  the  $A is su ffe rin g  a 
type of ‘Peso Problem ’ caused by the $A being above i ts  fundam ental 
exchange ra te , a r a te  necessary  to  a tta in  a  su sta inab le  debt/GDP 
ra tio . High re tu rn s  available in A ustra lia  com pared to  the  r e s t  of 
the  w orld explain  the  high $A.
These high in te re s t  ra te s  cause the  $A to  ap p rec ia te  above its  
fundam ental r a te  u n til the  excess re tu rn s  availab le  in A ustra lia  a re  
o f fs e t  by the  dep rec ia tion  expected because the  $A is over-valued. 
High in te re s t  r a te s  a re  th e re f  ore necessary  to  com pensate f  oreign 
investo rs  fo r  the  r isk  of investing in A ustra lia . Over the  sample 
period the  average re a l expected deprecia tion  is 2.8%. According to  
equation  (3.1), and assum ing no r isk  prem ium , th is  leads individuals 
to  demand a h igher re tu rn  of a  s im ila r size to  com pensate fo r  the  
r isk  of investing in A ustra lia . In fa c t , th e  re a l in te re s t r a te  
d if fe re n tia l of A u stra lia  over the  U.S. is around 2.4% over th is
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period.
High in te re s t  ra te s  a ffe c t  the  dom estic economy by pushing up 
the  cost of lending. The e ffe c ts  of th is  on the dom estic economy are  
now appearing , w ith  A ustra lia  a t  p resen t experiencing a severe 
recession . In addition, a highly volatile  currency  (as the  $A has 
proved to  be) c re a te s  un certa in ty  in the  minds of im porte rs  and 
e x p o rte rs , and d isru p ts  tra d e , w ith  an over-valued cu rrency  placing 
add itional s tra in s  on e x p o rte rs ’ p ro f it  m argins.
Can th is  problem  be resolved? From May 1986 to  July 1986 the 
$US/$A fe ll f if te e n  per cent; however, over the  subsequent ten  weeks 
individuals continued to  p red ic t, on average, a deprecia tion  of 1.037. 
over the  nex t fo u r week horizon. In te resting ly , m arket p a rt ic ip a n ts ’ 
reac tio n  to  the  previous rap id  fa ll  in the  $A w as quite d iffe re n t. 
From  the  beginning of February  to  8 March 1985, the  $A fe ll six teen  
per cen t ag a in s t the  $US and th ir te e n  per cent ag a in st the  TWI. Over 
the  nex t ten  F ridays, m arket p a rtic ip a n ts  p red icted , on average, an 
app rec ia tion  of the  $A of 8.87, pa. Perhaps the subsequent behaviour 
of the  $A, te rm s of tra d e  and the  c u rre n t account d e fic it changed 
th e ir  a tt itu d e . In princip le , th e re  should be a dep recia tion  large 
enough to  ensure  expecta tions no longer continually  d iscount the  $A; 
however i t  is h a rd  to  e s tim a te  the  size of th is  depreciation . 
A lternatively , expecta tions may continue a t  a d iscount, due to  a 
d e te r io ra tin g  fundam ental exchange ra te , un til the  re a l economy is 
c learly  seen to  be moving onto a su sta inab le  path .
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Table 3.1
Testing the Efficiency of the Forward Exchange Market
Date CL SE ß SE R2 DW 2X21/05/82 -0.005 0.007 -0.391 1.23 . 001 .40 6.72
One 01/01/84 -0.011 0.009 -1.931 1.58 . 023 .40 0.57
Month 08/02/85 -0.011 0.006 -2.153 1.14 . 017 .46 6.63
Three 02/01/81 -0.022 0.017 -1.050 1.11 . 023 0.11 6.20
Month 01/01/84 -0.038 0.030 -2.270 1.85 . 064 0.11 2.04
08/02/85 0.008 0.039 -0.222 2.15 . 001 0.16 6.97
Note: All dates are up to 21/4/89. One and three month refer to the 
period horizon for the forward discount. Hansen (1982) 
correct standard errors (SE) are reported. x tests the 
H : a = 0 and ß = 1, and is distributed as chi-squared with two 
degrees of freedom.
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Table 3.2
Decomposing the Inefficiency in the Forward Exchange Market
All Observations
cc SE ß SE R DW 2XEqn (3.3) -0.044 0.023 -■6.182 3.15 . 098 . 47 6.72
Eqn (3.4) 0.003 0.005 1.196 0.72 . 071 . 96 0.57
Eqn (3.5) 0.047 0.023 7.378 3.14 . 131 .47 6.68
Non-overlapping Observations: Dummy 1
a SE ß SE R2 DW 2XEqn (3.3) -0.038 0.025 --5.409 3.37 . 079 1.22 6.20
Eqn (3.4) 0.007 0.007 1.788 0.88 . 120 1.42 2.04
Eqn (3.5) 0.045 0.025 7.197 3.46 . 126 1.36 5.97
Non-overlapping Observations: Dummy 2
a SE ß SE R2 DW 2XEqn (3.3) -0.059 0.025 --8.075 3.33 . 164 1.63 8.95
Eqn (3.4) 0.001 0.006 1.146 0.86 . 056 1.54 0.13
Eqn (3.5) 0.060 0.025 9.221 3.39 . 198 1.72 8.72
Non-overlapping Observations Dummy 3
a SE ß SE R2 DW 2XEqn (3.3) -0.048 0.026 -6.594 3.59 . 101 2.00 5.66
Eqn (3.4) 0.000 0.005 0.964 0.73 . 055 1.61 0.19
Eqn (3.5) 0.048 0.027 7.557 3.69 . 123 1.98 5.15
Non-overlapping Observations Dummy 4
a SE ß SE R2 DW 2XEqn (3.3) -0.034 0.024 -4.814 3.37 . 064 1.98 4.56
Eqn (3.4) 0.001 0.005 0.942 0.68 . 060 1.44 0.98
Eqn (3.5) 0.034 0.024 5.756 3.37 . 090 1.86 4.11
Note: x tests H : a = 0, ß = 1 for equation (3.3) and (3.4) and 
H : a = 0, ß = 0 for equation (3.5) and both are distibuted as 
a chi-squared with two degrees of freedom. Hansen (1982) 
corrected standard errors (SE) are reported for all 
observations and OLS standard errors for non-overlapping 
observations. Weekly (Friday) data from 8/3/85 to 18/9/87.
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Table 3.3
Expected and Actual Movements in the Spot Rate (One Week)
AS > 0l AS = 1 0 AS < 0l
AEl > 0 2 9 2 1 9 50
. 3 0  5 1 . 1 0 . 2  2 7  . 0 0 0 . 3  7 5  - 1  . 62 . 328
AEl = 0 6 1 2 9
. 0 0  0 . 6 7 2 . 0  0 0 0 0 0 . 0  0 0  - 1  . 47 . 000
AEl < 0 38 1 3 0 69
- . 3 6  5 1 . 0 9 - . 7 1 5 0 0 0 - . 4  5 8  - 1  . 38 - .  411
73 4 51 128
1 . 0 6 . 0 0 0 - 1 . 47 - . 0 9 3  . 0
Expected and Actual Movements in the Spot Rate (Four Week)
AS > 0
4
AS = 0
4
AS < 0
4
AE
4
> 0 7 0 14 21
. 7 9 3  2 . 3 8 . 0 0  0 . 0 0 0 . 5 4 0  - 3 . 2 4 . 624
AE
4 = 0 1 0 2 3
. 0 0  0 4 . 2 9 . 0 0  0 . 0 0 0 . 0 0 0  - 1 . 5 8 .0 0 0
AE
4
< 0 66 3 35 104
- . 8 8  4 1 . 9 8 - . 8 5  6 . 0 0 0 - . 9 1 8  - 3 . 0 0 - .  895
74 3 51 128
2 . 05 . 0 0 0 -  3 . 0 1 - . 6 2 5  - . 0 1
Note: AS i = 1,4, is the change in the spot rate between t and t+i, 
ancl AE , i = 1,4, is the expected change in the spot rate. The 
integer value in the upper portion of each box refers to the 
number of occurances of the joint event. Below this are the 
average expected (%) and average actual (%) movement in the 
exchange rate corresponding to the joint event.
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Table 3.4
Perron and Phillips Tests for the Stationarity of Exchange Rates 
Weekly Dataset A: 1979-1989
Perron and Phillips Tests
12 8 4 2
$us - 1 . 2 8 0  
0 . 7 5 4
- 1 . 2 8 0
0 . 6 5 3
- 1 . 0 9 1
0 . 4 9 6
- 1 . 0 1 1  
0 . 3 9 4
Y - 2 . 3 0 5  
3 . 6 6 9
- 2 . 2 9 0  
3 . 6 1 4
- 2 . 2 6 8  
3 . 5 2 6
- 2 . 2 4 8  
3 . 4 2 3
£ - 1 . 8 0 0
1 . 7 9 2
- 1 . 7 2 0
1 . 6 2 4
- 1 . 5 8 6
1 . 3 4 3
- 1 . 5 1 2
1 . 1 8 6
DM - 1 . 5 7 9
1 . 6 5 2
- 1 . 5 2 5
1 . 5 5 7
- 1 . 4 8 0
1 . 4 7 4
- 1 . 4 3 4
1 . 3 8 6
TWI - 1 . 9 4 1
1 . 6 9 4
- 1 . 8 7 7
1 . 5 1 4
- 1 . 7 8 6
1 . 2 4 1
- 1 . 7 2 4
1 . 0 4 0
(Z(t )) 
( Z ( * “ ) )
Weekly Dataset A: 1984-1989
12 8 4 2
$US - 1 . 5 3 2
1 . 9 3 8
- 1 . 5 2 9
1 . 9 3 3
- 1 . 5 1 7
1 . 9 1 1
- 1 . 5 0 6
1 . 8 9 1
Y - 0 . 8 0 9
1 . 1 9 3
- 0 . 7 5 6
1 . 1 7 4
- 0 . 6 7 6
1 . 1 5 1
- 0 . 5 8 7
1 . 1 3 6
£ - 1 . 4 4 2
1 . 4 9 3
- 1 . 3 6 3
1 . 3 8 3
- 1 . 2 4 1
1 . 2 2 0 -
- 1 . 1 5 5
1 . 1 1 3
DM - 0 . 6 8 8
1 . 2 9 0
- 0 . 6 1 7
1 . 2 8 1
- 0 . 5 6 5
1 . 2 8 3
- 0 . 5 0 4
1 . 2 8 7
TWI - 0 . 9 4 2
0 . 9 6 6
- 0 . 9 4 2
0 . 9 6 6
- 0 . 9 3 4
0 . 9 6 0
- 0 . 9 2 5
0 . 9 5 2
(Z(t )) (Z(0“))
Daily Dataset B:  1 9 8 6 - 1 9 8 9
Note:
12 8 4 2
$US - 2 . 1 0 1  
2 . 2 8 5
- 2 . 0 9 0  
2 . 2 4 9
- 2 . 0 5 9  
2 . 1 4 6
- 2 . 1 2 6  
2 . 3 6 7
Y - 2 . 2 3 8  
4 . 1 2 6
- 2 . 2 1 1
4 . 0 4 5
- 2 . 1 8 6  
3 . 9 6 1
- 2 . 2 0 3  
4 . 0 1 8
£ - 1 . 8 2 4
2 . 1 5 3
- 1 . 8 3 3  
2 . 1 7 2
- 1 . 7 6 3  
2 . 0 1 3
- 1 . 7 9 1  
2 . 0 7 7
DM - 1 . 7 5 8  
3 . 2 2 8
- 1 . 7 4 9  
3 . 2 1 6
- 1 . 7 1 9  
3 . 1 7 3
- 1 . 7 2 2  
3 . 1 7 6
TWI - 1 . 9 9 4
2 . 8 1 4
- 1 . 9 7 2
2 . 7 5 8
- 1 . 9 4 3  
2 . 6 8 2
- 1 . 9 4 2  
2 . 6 7 9
(Z(t )) 
( Z ( 0 ® ) )
Critical Values for Z(t ) 10%: -3.12, 5%: -3.41 
Critical Values for Z($°j) 10%: 5.34, 5%: 6.26
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Table 3.5
Tests for Cointegration Between Exchange Rates
Augmented Dickey Fuller Tests
Number of Lags (m)
6 4 2 0
$US vs Y -1.451
-0.873
-1.446
-0.798
-1.369
-0.853
-1.093
-0.906
$US vs £ -1.454
-0.890
-1.465
-0.882
-1.369
-0.895
-1.063
-1.014
$US vs DM -1.469
-1.123
-1.472
-1.078
-1.428
-1.117
-1.122
-1.251
$US vs TWI -1.158
-1.409
-0.985
-1.382
-1.104
-1.512
-0.978
-1.954
Y vs £ -2.226
-2.436
-1.917
-2.405
-1.876
-2.447
-1.688 
-2.648
Y vs DM -1.551
-1.699
-1.435
-1.736
-1.493
-1.656
-1.184 
-2.073
Y vs TWI -1.071
-1.772
-0.948
-1.681
-0.776
-1.676
-1.236
-2.282
£ vs DM -2.818 
-2.597
-2.324
-2.304
-2.276 
-2.494
-1.893 
-2.588
£ vs TWI -2.629 
-1.892
-2.176 
-1.827
-2.206 
-2.082
-2.676 
-2.954
DM vs TWI -1.721
-1.637
-1.671
-1.562
-1.575
-1.698
-1.978 
-2.805
Note: The first series of
period 1984-89, the 
the period 1986-89.
Critical Values for
numbers uses the weekly dataset A for 
second series uses the daily dataset B
ADF 10%: -3.12, 5%: -3.41
the
for
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T a b l e  3 . 6
RMSEs a n d  T h e i l ' s  U f o r  D a i l y  D a t a  F o r e c a s t s  u p  t o  20 S t e p s  A h e a d
VAR( 5 )
$US
RMSE U
Y
RMSE U
£
RMSE U
DM
RMSE U
TWI
RMSE U
1 0 . 5 5 0 1 . 1 7 1 . 0 2 3 0 . 9 8 0 . 6 9 0 0 . 9 4 0 . 9 4 9 1 . 0 7 0 . 6 0 8 1 . 1 8
2 0 . 7 5 4 1 . 1 7 1 . 0 8 7 1 . 0 3 1 . 1 2 2 1 . 0 1 1 . 1 7 6 1 . 0 4 0 . 8 1 2 1 . 0 6
3 1 . 0 5 3 1 . 0 8 1 . 3 6 9 1 . 0 9 1 . 2 6 9 0 . 9 9 1 . 3 8 5 1 . 0 1 1 . 1 1 8 1 . 0 2
4 1 . 1 5 8 1 . 0 3 1 . 9 8 8 1 . 0 2 1 . 6 5 2 1 . 0 0 2 . 0 8 2 1 . 0 4 1 . 3 5 6 1 . 0 1
5 1 . 0 5 9 0 . 9 9 1 . 7 8 0 1 . 0 4 1 . 4 2 1 0 . 9 7 1 . 8 6 3 1 . 0 4 1 . 2 0 3 1 . 0 2
6 1 . 1 8 8 0 . 9 9 2 . 2 3 8 1 . 0 4 1 . 7 1 1 0 . 9 6 2 . 1 7 3 1 . 0 5 1 . 4 8 6 1 . 0 2
7 1 . 2 9 3 0 . 9 8 2 . 0 9 4 1 . 0 3 1 . 8 7 6 0 . 9 5 2 . 1 4 0 1 . 0 4 1 . 2 9 8 1 . 0 2
8 1 . 4 8 2 1 . 0 0 2 . 2 8 8 1 . 1 3 1 . 7 2 0 0 . 9 7 2 . 0 9 9 1 . 1 0 1 . 4 4 2 1 . 0 0
9 1 . 5 7 9 0 . 9 9 2 . 6 0 0 1 . 0 5 1 . 9 7 5 0 . 9 6 2 . 5 5 9 1 . 0 6 1 . 6 9 8 1 . 0 0
10 1 . 5 7 1 1 . 0 1 2 . 6 2 0 1 . 0 7 1 . 8 9 2 0 . 9 7 2 . 5 1 5 1 . 0 7 1 . 5 2 8 1 . 0 2
11 1 . 7 2 4 1 . 0 2 2 . 9 5 8 1 . 0 5 2 . 0 6 8 0 . 9 6 2 . 6 7 2 1 . 0 7 1 . 7 7 9 1 . 0 3
12 1 . 8 0 7 1 . 0 5 2 . 8 3 8 1 . 0 7 2 . 2 7 8 1 . 0 0 2 . 7 2 1 1 . 1 0 1 . 7 2 9 1 . 0 7
13 1 . 9 3 7 1 . 0 8 2 . 9 9 3 1 . 1 5 2 . 1 2 2 1 . 0 5 2 . 7 2 4 1 . 1 8 1 . 7 6 9 1 . 0 8
14 1 . 9 4 4 1 . 0 6 3 . 0 7 4 1 . 1 4 2 . 2 7 3 1 . 0 3 3 . 0 2 6 1 . 1 8 1 . 8 4 1 1 . 0 8
15 1 . 9 8 2 1 . 0 5 3 . 1 3 0 1 . 1 6 2 . 2 5 2 1 . 0 2 3 . 0 3 5 1 . 1 8 1 . 7 8 9 1 . 1 0
16 2 . 0 3 4 1 . 0 5 3 . 3 5 6 1 . 1 5 2 . 2 7 9 1 . 0 4 2 . 9 6 9 1 . 2 3 1 . 8 7 0 1 . 1 2
17 2 . 1 3 6 1 . 0 7 3 . 3 9 0 1 . 1 6 2 . 4 7 0 1 . 0 5 3 . 1 6 3 1 . 2 5 1 . 9 7 1 1 . 1 2
18 2 . 1 6 8 1 . 0 6 3 . 4 6 7 1 . 2 2 2 . 2 1 6 1 . 0 5 3 . 2 6 5 1 . 2 8 1 . 9 2 1 1 . 1 4
19 2 . 2 4 4 1 . 0 6 3 . 6 0 2 1 . 2 1 2 . 4 3 4 1 . 0 6 3 . 5 5 6 1 . 2 8 1 . 9 9 0 1 . 1 6
20 2 . 2 6 8 1 . 0 6 3 . 6 3 8 1 . 2 4 2 . 3 3 2 1 . 0 6 3 . 4 1 7 1 . 3 4 1 . 9 5 0 1 . 1 6
BVAR( 5 )
$US
RMSE U
Y
RMSE U RMSE U
DM
RMSE U
TWI
RMSE U
1 0 . 5 1 4 1 . 0 9 1 . 0 5 3 1 . 0 1 0 . 7 5 4 1 . 0 3 0 . 8 9 1 . 0 1 0 . 5 7 4 1 . 1 1
2 0 . 7 0 4 1 . 0 9 1 . 0 5 1 0 . 9 9 1 . 1 5 9 1 . 4 7 1 . 1 5 6 1 . 0 2 0 . 8 0 5 1 . 0 5
3 1 . 0 5 5 1 . 0 8 1 . 3 6 3 1 . 0 9 1 . 3 3 5 1 . 0 5 1 . 4 5 0 1 . 0 6 1 . 2 4 3 1 . 0 8
4 1 . 1 2 2 1 . 0 9 2 . 0 7 2 1 . 0 7 1 . 7 7 1 1 . 0 8 2 . 1 6 4 1 . 0 7 1 . 4 7 6 1 . 1 0
5 1 . 1 4 3 1 . 0 8 1 . 8 7 5 1 . 1 0 1 . 5 9 7 1 . 0 8 1 . 9 8 9 1 . 1 0 1 . 3 0 4 1 . 1 0
6 1 . 3 2 5 1 . 1 1 2 . 3 6 7 1 . 1 0 1 . 9 4 0 1 . 0 9 2 . 3 2 5 1 . 1 2 1 . 6 2 3 1 . 1 1
7 1 . 4 3 5 1 . 0 9 2 . 2 6 8 1 . 1 1 2 . 1 7 0 1 . 1 0 2 . 3 7 9 1 . 1 5 1 . 4 7 3 1 . 1 6
8 1 . 5 9 0 1 . 0 7 2 . 4 4 2 1 . 2 0 2 . 0 5 6 1 . 1 6 2 . 3 7 1 1 . 2 4 1 . 7 0 6 1 . 1 9
9 1 . 7 6 8 1 . 1 1 2 . 8 8 2 1 . 1 6 2 . 4 3 6 1 . 1 9 2 . 9 3 2 1 . 2 1 2 . 0 2 0 1 . 1 9
10 1 . 7 5 2 1 . 1 3 2 . 8 9 4 1 . 1 8 2 . 3 4 0 1 . 2 0 2 . 8 9 2 1 . 2 3 1 . 8 1 4 1 . 2 1
11 1 . 9 2 4 1 . 1 4 3 . 2 9 8 1 . 1 8 2 . 5 8 6 1 . 2 0 3 . 0 8 7 1 . 2 3 2 . 1 0 0 1 . 2 1
12 1 . 9 8 9 1 . 1 5 3 . 1 9 6 1 . 2 1 2 . 8 0 4 1 . 2 3 3 . 1 4 1 1 . 2 7 2 . 0 0 7 1 . 2 4
13 2 . 0 3 4 1 . 1 3 3 . 2 5 8 1 . 2 5 2 . 5 8 2 1 . 2 8 3 . 0 0 2 1 . 3 0 2 . 0 0 5 1 . 2 3
14 2 . 0 8 0 1 . 1 3 3 . 0 3 3 1 . 2 3 2 . 7 4 7 1 . 2 4 3 . 1 8 4 1 . 2 4 2 . 1 2 2 1 . 2 2
15 2 . 1 4 4 1 . 1 4 3 . 3 9 7 1 . 2 6 2 . 7 5 4 1 . 2 5 3 . 2 7 6 1 . 2 7 2 . 0 8 3 1 . 2 8
16 2 . 2 3 6 1 . 1 6 3 . 6 8 6 1 . 2 7 2 . 8 2 7 1 . 2 8 3 . 1 2 1 1 . 3 0 2 . 1 6 1 1 . 2 9
17 2 . 3 3 7 1 . 1 7 3 . 7 7 3 1 . 2 9 3 . 0 9 1 1 . 3 1 3 . 3 7 8 1 . 3 3 2 . 3 2 4 1 . 3 2
18 2 . 3 4 6 1 . 1 5 3 . 7 8 4 1 . 3 3 2 . 8 9 9 1 . 3 7 3 . 4 1 5 1 . 3 4 2 . 2 2 1 1 . 3 2
19 2 . 4 0 6 1 . 1 4 3 . 8 6 0 1 . 3 0 3 . 0 3 5 1 . 3 2 3 . 5 2 9 1 . 2 7 2 . 2 9 2 1 . 3 4
20 2 . 4 5 3 1 . 1 5 3 . 9 1 4 1 . 3 3 2 . 9 7 7 1 . 3 5 3 . 3 4 3 1 . 3 1 2 . 2 9 0 1 . 3 6
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T a b l e  3 . 6  ( c o n t ' d )
AR( 6 )  Model
$US
RMSE U
V
RMSE U
L
RMSE U
DM
RMSE U
TWI
RMSE U
1 0 . 5 0 1 1 . 0 7 1 . 0 4 2 1 . 0 0 0 . 7 4 9 1 . 0 2 0 . 9 2 0 1 . 0 4 0 . 5 9 4 1 . 1 5
2 0 . 6 5 8 1 . 0 2 1 . 0 4 4 0 . 9 9 1 . 1 2 5 1 . 0 2 1 . 1 8 6 1 . 0 5 0 . 7 7 3 1 . 0 1
3 1 . 0 1 6 1 . 0 4 1 . 3 1 7 1 . 0 5 1 . 2 8 7 1 . 0 1 1 . 4 3 7 1 . 0 5 1 . 1 8 8 1 . 0 3
4 1 . 1 4 4 1 . 0 2 1 . 9 6 6 1 . 0 1 1 . 6 7 8 1 . 0 2 2 . 1 1 7 1 . 0 5 1 . 3 7 7 1 . 0 2
5 1 . 0 7 8 1 . 0 2 1 . 7 6 2 1 . 0 3 1 . 5 1 0 1 . 0 3 1 . 9 4 1 1 . 0 8 1 . 2 5 5 1 . 0 6
6 1 . 2 0 1 1 . 0 1 2 . 1 8 3 1 . 0 2 1 . 8 2 6 1 . 0 2 2 . 2 3 2 1 . 0 7 1 . 5 1 9 1 . 0 4
7 1 . 3 3 0 1 . 0 1 2 . 0 6 7 1 . 0 1 2 . 0 2 3 1 . 0 3 2 . 2 3 0 1 . 0 8 1 . 3 4 1 1 . 0 6
8 1 . 5 0 1 1 . 0 1 2 . 1 2 5 1 . 0 5 1 . 8 3 5 1 . 0 3 2 . 1 0 6 1 . 1 0 1 . 4 8 3 1 . 0 3
9 1 . 5 9 9 1 . 0 1 2 . 5 4 1 1 . 0 2 2 . 1 0 3 1 . 0 2 2 . 5 8 7 1 . 0 7 1 . 7 5 1 1 . 0 3
10 1 . 5 7 2 1 . 0 2 2 . 5 8 5 1 . 0 5 2 . 0 1 3 1 . 0 3 2 . 5 6 9 1 . 1 0 1 . 5 8 2 1 . 0 6
11 1 . 7 1 0 1 . 0 2 2 . 9 3 6 1 . 0 5 2 . 1 9 9 1 . 0 2 2 . 7 9 2 1 . 1 1 1 . 8 3 1 1 . 0 6
12 1 . 7 5 4 1 . 0 2 2 . 7 6 3 1 . 0 4 2 . 3 3 2 1 . 0 3 2 . 7 7 3 1 . 1 2 1 . 7 7 5 1 . 1 0
13 1 . 8 4 9 1 . 0 3 2 . 8 8 5 1 . 1 1 2 . 1 2 0 1 . 0 5 2 . 7 4 5 1 . 1 9 1 . 8 1 1 1 . 1 1
14 1 . 8 8 7 1 . 0 3 3 . 0 0 5 1 . 1 2 2 . 3 2 2 1 . 0 5 3 . 1 0 0 1 . 2 1 1 . 9 0 6 1 . 1 2
15 1 . 9 3 8 1 . 0 3 3 . 0 6 2 1 . 1 4 2 . 3 1 0 1 . 0 5 3 . 1 5 3 1 . 2 2 1 . 8 4 5 1 . 1 3
16 1 . 9 8 0 1 . 0 3 3 . 2 8 2 1 . 1 3 2 . 3 1 1 1 . 0 5 3 . I l l 1 . 2 9 1 . 9 4 5 1 . 1 6
17 2 . 0 5 7 1 . 0 3 3 . 2 7 9 1 . 1 2 3 . 4 6 9 1 . 0 5 3 . 2 1 9 1 . 2 7 2 . 0 4 2 1 . 1 6
18 2 . 1 1 7 1 . 0 4 3 . 3 9 4 1 . 1 9 2 . 2 4 8 1 . 0 7 3 . 3 3 8 1 . 3 0 2 . 0 0 0 1 . 1 8
19 2 . 1 9 0 1 . 0 4 3 . 5 3 8 1 . 1 9 2 . 4 8 1 1 . 0 8 3 . 6 5 1 1 . 3 2 2 . 0 5 0 1 . 2 0
20 2 . 1 9 9 1 . 0 3 3 . 5 9 1 1 . 2 2 2 . 3 8 3 1 . 0 8 3 . 5 3 2 1 . 3 8 2 . 0 2 2 1 . 2 0
E x p o n e n t i a l  S m o o th in g
$US
RMSE U
Y
RMSE U
£
RMSE U
DM
RMSE U
TWI
RMSE U
1 0 . 4 7 7 1 . 0 2 1 . 0 4 2 1 . 0 0 0 . 7 3 6 1 . 0 1 0 . 8 9 0 1 . 0 0 0 . 5 3 9 1 . 0 4
2 0 . 6 4 3 0 . 9 9 1 . 0 6 1 1 . 0 0 1 . 1 1 1 1 . 0 0 1 . 1 3 9 1 . 0 0 0 . 7 5 8 0 . 9 9
3 0 . 9 7 4 0 . 9 9 1 . 2 5 8 1 . 0 0 1 . 2 7 1 0 . 9 9 1 . 3 6 8 0 . 9 9 1 . 1 5 1 1 . 0 0
4 1 . 1 2 4 0 . 9 9 1 . 9 4 3 1 . 0 0 1 . 6 4 5 1 . 0 0 2 . 0 0 8 0 . 9 9 1 . 3 4 7 1 . 0 0
5 1 . 0 6 1 0 . 9 9 1 . 7 0 4 0 . 9 9 1 . 4 7 1 1 . 0 0 1 . 7 9 2 0 . 9 9 1 . 1 7 9 0 . 9 9
6 1 . 1 9 4 1 . 0 0 2 . 1 5 0 1 . 0 0 1 . 7 8 2 1 . 0 0 2 . 0 7 7 0 . 9 9 1 . 4 5 7 0 . 9 9
7 1 . 3 1 2 1 . 0 0 2 . 0 4 1 1 . 0 0 1 . 9 7 1 1 . 0 0 2 . 0 6 5 0 . 9 9 1 . 2 6 6 0 . 9 9
8 1 . 4 8 4 1 . 0 0 2 . 0 3 1 0 . 9 9 1 . 7 7 5 0 . 9 9 1 . 9 1 4 1 . 0 0 1 . 4 3 8 1 . 0 0
9 1 . 5 8 9 1 . 0 0 2 . 4 8 8 1 . 0 0 2 . 0 5 0 0 . 9 9 2 . 4 2 1 0 . 9 9 1 . 6 9 5 0 . 9 9
10 1 . 5 4 9 1 . 0 0 2 . 4 5 1 1 . 0 0 1 . 9 5 1 0 . 9 9 2 . 3 4 3 1 . 0 0 1 . 4 9 7 1 . 0 0
11 1 . 6 8 6 0 . 9 9 2 . 8 1 0 1 . 0 0 2 . 1 4 3 0 . 9 9 2 . 5 0 5 0 . 9 9 1 . 7 2 8 0 . 9 9
12 1 . 7 2 5 0 . 9 9 2 . 6 5 0 1 . 0 0 2 . 2 6 8 0 . 9 9 2 . 4 6 3 0 . 9 9 1 . 6 1 7 0 . 9 9
13 1 . 7 9 8 0 . 9 9 2 . 6 0 1 1 / 0 0 2 . 0 1 5 0 . 9 9 2 . 3 0 3 0 . 9 9 1 . 6 2 7 0 . 9 9
14 1 . 8 3 3 0 . 9 9 2 . 6 9 5 1 . 0 0 2 . 2 0 8 0 . 9 9 2 . 5 5 8 0 . 9 9 1 . 6 9 8 0 . 9 9
15 1 . 8 8 3 0 . 9 9 2 . 6 9 9 1 . 0 0 2 . 1 9 8 0 . 9 9 2 . 5 7 4 0 . 9 9 1 . 6 2 2 0 . 9 9
16 1 . 9 2 7 0 . 9 9 2 . 9 1 3 1 . 0 0 2 . 1 9 6 0 . 9 9 2 . 4 0 1 0 . 9 9 1 . 6 6 1 0 . 9 9
17 1 . 9 9 3 0 . 9 9 2 . 9 3 0 1 . 0 0 2 . 3 5 4 0 . 9 9 2 . 5 3 2 0 . 9 9 1 . 7 5 5 0 . 9 9
18 2 . 0 4 2 0 . 9 9 2 . 8 4 8 1 . 0 0 2 . 1 0 7 0 . 9 9 2 . 5 5 3 0 . 9 9 1 . 6 8 2 0 . 9 9
19 2 . I l l 0 . 9 9 2 . 9 7 7 1 . 0 0 2 . 2 9 4 0 . 9 9 2 . 7 6 9 0 . 9 9 1 . 7 0 6 0 . 9 9
20 2 . 1 2 6 0 . 9 9 2 . 9 5 4 1 . 0 0 2 . 2 0 7 0 . 9 9 2 . 5 4 6 0 . 9 9 1 . 6 7 4 0 . 9 9
N o t e :  D a t a s e t  B , J a n  1 9 8 6 - A p r i l  1 9 8 9 .
1 3 0
Table 3.7
RMSEs and Theil U for Weekly Data Forecasts up to 4 Steps Ahead
VAR(5) 12 lags
$US
RMSE U
Y
RMSE U
£
RMSE U
DM
RMSE U
TWI
RMSE U
5 1.197 0.98 1.670 0.96 1.588 1.03 1.725 0.99 1.208 1.02
10 1.609 1.00 2.322 1.05 2.110 1.11 2.277 1.06 1.563 1.04
15 2.080 1.07 2.743 1.08 2.307 1.09 2.593 1.06 1.830 1.12
20 2.406 1.11 3.111 1.12 2.473 1.11 2.821 1.08 1.976 1.18
BVAR(5) 12 lags
$US
RMSE U
Y
RMSE U
£
RMSE U
DM
RMSE U
TWI
RMSE U
5 1.294 1.06 1.805 1.04 1.645 1.07 1.865 1.08 1.265 1.07
10 1.745 1.09 2.447 1.11 2.143 1.13 2.486 1.16 1.674 1.12
15 2.250 1.15 2.949 1.16 2.414 1.14 2.884 1.18 2.022 1.24
20 2.581 1.19 3.488 1.26 2.685 1.21 3.283 1.25 2.269 1.35
AR Model
$US
RMSE U
Y
RMSE U
£
RMSE U
DM
RMSE U
TWI
RMSE U
5 1.221 1.00 1.799 1.04 1.610 1.05 1.749 1.01 1.233 1.04
10 1.675 1.04 2.299 1.04 2.021 1.07 2.146 1.00 1.620 1.08
15 2.084 1.07 2.703 1.06 2.294 1.08 2.504 1.03 1.894 1.16
20 2.356 1.09 3.073 1.11 2.511 1.13 2.830 1.08 2.084 1.24
Exponential Smoothing
$US
RMSE U
Y
RMSE U
£
RMSE U
DM
RMSE U
TWI
RMSE U
5 1.229 1.01 1.759 1.02 1.544 1.00 1.763 1.02 1.168 0.99
10 1.612 1.00 2.221 1.00 1.900 1.00 2.151 1.00 1.487 0.99
15 1.961 1.00 2.559 1.01 2.120 1.00 2.454 1.01 1.606 0.98
20 2.166 1.00 2.784 1.01 2.231 1.00 2.639 1.01 1.66 0.99
Note: Weekly Dataset A Jan 1984 - April 1989.
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Table 3.8
Skewness Measure for One Week Changes
Dataset A: weekly (Friday) data
Period $US Y £ DM $c TWI
Jan 79-Dec 83 -3.9** -4.5** -3.3.. “ 5.9.. “ 3 . 9 „ -3-3..Jan 84-Apr 89 -6.1. -9‘8., -8.8 -5.3 -6.2.Jan 86-Apr 89 -5.6 -12.0 -7.6 -12.0 na -6.4
Note; The figures are the third cental moment. 
* significance at the 10% level 
** significance at the 5% level
Table 3.9
Third Central Moment of Exchange Rates 
Dataset A: weekly (Friday) data, Jan 1984-April 1989.
Period $US Y £ DM TWI
One week « •-6.11
(2.49)
* *-9.75 
(4.07)
-8.83*
(4.92)
* •-8.74 
(4.39)
* *-6.22 
(2.87)
Two weeks -10.85*
(6.52)
» •-23.21
(10.33)
-16.99
(12.02)
-16.93
(11.92)
* *-13.75
(6.23)
Four weeks -40.10
(31.70)
-79.20* 
(46.33)
-88.74
(69.64)
-69.89 
(48.16)
-39.05* 
(22.22)
Dataset B: daily data, Jan 1986 - April 1989.
Period $US Y £ DM TWI
One week -5.57*
(2.96)
-12.04** 
(6.15)
-7.63*
(4.94)
-11.67*
(6.29)
-6.42*
(3.42)
Two weeks -15.25*
(8.67)
-38.09* 
(20.06)
-25.67
(18.46)
-38.51* 
(22.52)
-19.19*
(10.95)
Month (22 
working days)
-40.61
(32.52)
-119.8
(90.94)
-51.69
(60.64)
-114.2 
(87.27)
-54.97 
(38.64)
Note: Standard errors are in parentheses 
* significant at the 10% level 
** significant at the 5% level
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Table 3.10
Cross Country Comparison of the Third Central Monents
Dataset A: weekly (Friday) data, Jan 1984 - April 1989. 
One Week.
Currency a
$A $US Y £ DM $C
Currency b
$A • • • * • ** **• -6.1 -9.8 -8.8 -8.7 -5.3
$US • -1.9 -2.0 -1.4 0.0
Y • 0.7 0.0 1.6
£ • -0.3 1.4
DM • 1.0
$c •
Four Weeks
Currency a
$A $US Y £ DM $C
Currency b
$A • -40 -79* -89 -70 -22
$US • -23 -27 -10 0.9
Y • 1.2 -0.3 20
£ • -3.4 18
DM • 6.8
$c •
Note: * Significant at the 10% level 
** Significant at the 5% level
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Table 3.11
Cross Country Comparisons of the Third Central Moment
Dataset B: daily data, Jan 1989 - April 1989. 
One Week (5 working days)
Currency a
$A $US Y £ DM
Currency b
$A • -5.6 -12 -7.6 -12
$US • -1.3 -0.2 -0.7
Y • 0.1 -0.1
£ n01•
DM •
One Month (22 working days)
Currency a
$A $US Y £ DM
Currency b
$A • -41 -120 -52 -114
$US • -18 -1.5 -7.9
Y • 22 -3.3
£ inf"i•
DM •
Note: * Significant at the 10% level 
** Significant at the 5% level
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Table 3.12
Non-Parametric Test of Skewness
Dataset B: daily data, Jan 1986 - April 1989. 
One week (5 working days)
Currency a
Currency b
Note: Results of one-sided non-parametric test described in Appendix
3.D. The sign (+) [(-)] indicates that significant positive
[negative] skewness is found. The number indicates the number 
of working days of the week which exhibit significant skewness.
* indicates significant at the 5% level 
** indicates significant at the 1% level.
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Table 3.13
Parameters for the Stable Distribution (veek-on-veek)
Dataset B: daily data, Jan 1986 - April 1989
$US
Mon Tue Wed Thu F n
a 1.466 1.685 1.678 1.249 1.410
(.1773) ( . 2372) (.2116) (.1513) (.1860)
ß -0.518 -1.091 -1.286 -0.441 -0.646(.2477) ( .9562) (.9318) (.1891) (.2880)
c 0.732 0.893 0.883 0.606 0.757
( .0780) (.0897) (.0850) ( . 0711) (.0805)
S -0.028 0.107 -0.033 -0.254 -0.148
(.2710) (.1890) ( .2280) ( .4790) (.4120)
TWI
Mon Tue Wed Thu F n
a 1.559 1.551 1.465 1.464 1.324
( .2080) (.1790) (.1578) (.1896) (.1853)
ß -0.727 -0.366 -0.276 -0.644 -0.703(.4858) (.3165) (.2376) (.3092) (.2738)
c 0.808 0.893 0.754 0.698 0.613
(.0785) (.0849) (.0776) ( .0720) (.0663)
S 0.147 -0.014 -0.175 -0.194 -0.427
( .2140) (.2010) (.2230) ( . 2780) (.5180)
Note: Standard errors are in parentheses.
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Table 3.14
Parameters for the Stable Distribution (day-to-day)
Dataset B: daily data, Jan 1986 - April 1989.
$us
Mon Tue Wed Thu F n All
CL 1.358 1.423 1.536 1.357 1.352 1.410
(.1500) (.1557) ( .2019) (.1424) (.1471) ( .0698)
ß -0.296 -0.297 -0.692 -0.142 -0.238 -0.318(.2223) (.2316) ( .4191) (.2347) ( .2254) (.1023)
c 0.304 0.312 0.475 0.346 0.334 0.356
(.0330) (.0330) (.0470) ( .0362) (.0361) (.0169)
5 -0.114 0.063 -0.137 -0.062 -0.085 -0.065
(.1460) (.1160) (.1310) (.1470) (.1537) (.0641)
TWI
Mon Tue Wed Thu F n All
a 1.348 1.471 1.273 1.206 1.427 1.298
(.1464) (.1613) (.1424) (.1314) (.1492) ( .0611)
ß -0.260 -0.313 -0.292 -0.184 0.153 -0.137( . 2232) ( .2387) (.2105) (.2162) ( .2420) (.1017)
c 0.227 0.342 0.348 0.263 0.271 0.279
( .0292) ( .0354) (.0394) (.0031) (.0288) ( .0134)
5 -0.093 -0.088 -0.187 -0.126 0.040 -0.063
( .1280) ( .1020) (.2160) ( - ) ( . 0-906) (.0631)
Note: Standard errors are in parentheses.
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Table 3.15
Parameters for the Stable Distribution (Weekly Movements)
Dataset A: weekly (Friday) data
$ u s TWI
' 7 9 - ' 8 9
CT\CO1CO '  7 9 - ' 8 4 ' 7 9 - ' 8 9
er»CO1CO '  7 9 - ' 8 4
a. 1 . 3 5 8 1 . 1 0 2 1 . 7 8 4 1 . 0 9 6 1 . 1 5 3 1 . 4 6 2
( . 0 8 2 3 ) ( . 1 2 4 5 ) ( . 1 9 7 6 ) ( . 0 6 7 7 ) ( . 1 3 9 9 ) ( . 1 1 9 3 )
ß - 0 . 2 4 2 - 0 . 6 0 4 0 . 7 5 4 - 0 . 1 0 7 - 0 . 7 8 2 - 0 . O i l
( . 1 2 7 0 ) ( . 1 4 2 4 ) ( -  ) ( . 1 2 2 9 ) ( . 1 7 5 3 ) ( . 2 1 0 3 )
c 0 . 5 4 1 0 . 6 9 7 0 . 3 6 9 0 . 3 0 0 0 . 6 7 4 0 . 1 7 2
( . 0 3 3 0 ) ( . 0 9 2 7 ) ( . 0 2 8 0 ) ( . 0 2 0 9 ) ( . 0 0 6 7 4 ( . 0 1 4 0 )
5 - 0 . 1 6 7 - 2 . 2 3 0 - 0 . 0 5 6 - 0 . 2 0 1 - 1 . 7 9 8 - 0 . 0 0 1
( . 1 3 7 0 ) ( -  ) ( . 0 4 8 9 ) ( -  ) ( -  ) ( . 0 3 8 5 )
Note: Standard errors are in parentheses
Table 3.16
Analysis of Largest Ten Weekly Falls (Friday to Friday)
of the $A Against the TWI, Jan 86 to Apr 89 (Dataset B)
Week % fall Reason- Judged by Reports during the week 
in the Australian Financial Review.
31 Jan - 
7 Feb 86
3.2 No obvious event.
30 May - 
6 June 86
4.6 No obvious event. MUS investors are beginning 
to get nervous about the magnitude of the 
economic problems facing the Australian 
Government." Lead article, 5 June. This 
article is almost exclusively about 
adjustment to the external trade imbalance.
20 - 27 
June 86
3.6 On 24 June, the Wall Street Journal editorial 
page asks: "Will Australia become the next 
banana republic?" Pessimistic forecasts from 
CAI/Westpac and the National Institute of 
Economic and Industrial Research.
27 June - 
4 July 86
5.0 Rumours that Mr. Keating has resigned as 
Treasurer. Removal of exemptions for 
withholding tax. Push by unions for wider 
superannuation coverage. Waterside Workers 
Nationwide strike (resolved on 3 July).
18 - 25 
July 86
4.5 Unexpectedly large June quarter CPI figure 
announced (CPI up 1.7%).
15 - 22 
Aug 8 6
3.1 Unexpectedly large July current account 
deficit announced ($1.35bn)
9 - 1 6  
Jan 87
4.2 No obvious event. "Sudden change in sentiment 
in foreign exchange market." Front page, 14 
Jan.
23 - 30 
Oct 87
6.7 Delayed reaction to stock market crash (on 19, 
20 Oct). "The world stockmarket crash has... 
[left] Australia exposed because of its high 
foreign debt burden and dependence on 
commodity exports". Front page, 30 Oct.
24 June - 
1 July 88
2.9 Global strength of $US
10 - 17 
Feb 89
6.8 Unexpectedly large Jan current account 
deficit ($1.54bn). "The dollar is now 
diminishing our competitiveness. When 
demand conditions moderate I expect, and 
indeed hope, that the dollar will fall. And 
certainly, the day that starts we will not be 
standing in the way of stopping it." Mr. 
Keating, 16 Feb.
The data consists < 
Of the ten largest 
Appendix 3.D), all
of 170 weekly changes. The median change is 0.19% 
deviations from this median (values of y from 
ten are falls. J
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Table 3.17
ARCH(5) Parameter Estimates
Dataset A: weekly (Friday) data Jan 1979 - April 1989
$US Y L DM $c TWI
u 1.437 2.100 1.687 2.029 1.358 1.178(0.313) (0.380) (0.427) (0.416) (0.313) (0.315)
[0.326] [0.423] [0.416] [0.450] [0.317] [0.322]
ß r 0.032 0.029 0.079 0.041 0.036 0.0621 (0.025) (0.022) (0.079) (0.045) (0.023) (0.040)
|S 0.056 0.045 0.107 0.087 0.067 0.0742 (0.061) (0.074) (0.067) (0.081) (0.073) (0.056)
ß 2 0.098 0.122 0.152 0.148 0.107 0.0973 (0.061) (0.074) (0.067) (0.081) (0.073) (0.056)
ß 4 0.010 0.020 0.087 0.034 -0.001 0.036(0.026) (0.029) (0.047) (0.033) (0.020) (0.043)
ß s 0.013 -0.019 -0.019 -0.017 0.017 0.029(0.029) (0.029) (0.033) (0.023) (0.037) (0.054)
R2 0.015 0.019 0.065 0.037 0.020 0.027
ln (L) -1755.2 -1870.5 -1876.5 -1914.5 -1742.5 -1764.9
Dataset A: weekly (Friday) data Jan 1984 - April 1989
$US Y £ DM $c TWI
4 2.275 3.040 2.314 2.779 1.972 1.703(0.505) (0.630) (0.666) (0.617) (0.499) (0.541)
[0.532] [0.740] [0.714] [0.726] [0.493] [0.527]
ß . -0.004 0.010 0.084 0.035 0.021 -0.0061 (0.042) (0.030) (0.105) (0.059) (0.034) (0.039)
ß 2 0.077 0.055 0.124 0.131 0.118 0.1172 (0.097) (0.094) (0.154) (0.146) (0.147) (0.093)
ß 2 0.152 0.157 0.204 0.224 0.194 0.1603 (0.071) (0.091) (0.075) (0.092) (0.083) (0.064)
ß 4 -0.009 0.013 0.085 0.022 -0.028 0.055(0.043) (0.038) (0.060) (0.044) (0.042) (0.068)
ß- -0.019 -0.028 -0.061 -0.075 -0.018 0.0225 (0.048) (0.043) (0.049) (0.045) (0.063) (0.078)
R2 0.029 0.029 0.093 0.074 0.051 0.048
ln (L) -894.29 -991.27 -995.38 -989.58 -879.64 -914.11
Note: White's standard errors are in parentheses, OLS standard errors 
in squared parentheses.
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Table 3.18
ARCH(5) Parameter Estimates
Dataset B daily data Jan 1986 - April 1989
$US V £ DM TWI
4 0.117 0.454 0.256 0.390 0.123(0.076) (0.145) (0.090) (0.165) (0.063)
[0.083] [0.162] [0.114] [0.184] [0.095]
5 0.320 0.451 0.294 0.440 0.308
(0.120) (0.224) (0.143) (0.201) (0.116)
[0.111] [0.213] [0.152] [0.249] [0.130]
5 0.099 0.205 0.204 0.361 0.276
(0.093) (0.200) (0.145) (0.274) (0.148)
[0.111] [0.213] [0.152] [0.249] [0.130]
5 0.145 0.270 0.092 0.337 0.059
(0.103) (0.185) (0.225) (0.201) (0.078)
[0.111] [0.213] [0.152] [0.249] [0.130]
5 0.121 0.121 0.219 0.082 0.178
(0.087) (0.184) (0.149) (0.188) (0.083)
[0.111) (0.213) (0.152) (0.249) (0.130)
ß. 0.219 0.171 0.127 0.330 0.123(0.058) (0.072) (0.053) (0.171) (0.051)
ß 2 0.121 0.064 0.149 -0.032 0.135(0.065) (0.039) (0.053) (0.092) (0.082)
ß 3 0.091 0.149 0.125 0.008 0.100(0.076) (0.067) (0.060) (0.044) (0.043)
ß. -0.057 -0.056 -0.042 -0.002 0.004(0.042) (0.028) (0.030) (0.027) (0.059)
ß. 0.148 0.041 0.054 0.029 0.007(0.055) (0.030) (0.037) (0.027) (0.030)
R2 0.136 0.059 0.080 0.110 0.066
ln (L) -1755.2 -1870.5 -1876.5 -1914.5 -1742.5
Note: White's standard errors are in parentheses, OLS standard errors 
in squared parentheses.
Table 3.19
GARCH Parameter Estimates
Dataset A: weekly (Friday) data Jan 1979 - April 1989
$US Y £ DM $c TWI
4 0.069 0.115 0.165 0.131 - 0.134(0.012) (0.040) (0.075) (0.082) (0.009)
oc 0.177 0.079 0.077 0.055 - 0.272
(0.024) (0.015) (0.016) (0.016) (0.020)
ß 0.800 0.882 0.864 0.913 - 0.700(0.018) (0.024) (0.041) (0.027) (0.016)
ln (L) -869.20 -1000.9 -1008.9 -1136.7 -837.37
oc+ß 0.998 0.960 0.941 0.967 0.971
t-stat 1.517 2.525 1.999 2.082 2.392
F-stat 13.77 2.180 0.010 0.340 23.03
Dataset A: weekly (Friday) data Jan 1984 - April 1989
$US Y £ DM $c TWI
4 0.362 0.565 0.988 0.149 0.407 0.419(0.268) (0.383) (0.557) (0.137) (0.306) (0.125)
a 0.048 0.099 0.135 0.033 0.053 0.065
(0.028) (0.046) (0.076) (0.018) (0.026) (0.032)
ß 0.820 0.752 0.610 0.939 0.791 0.768(0.117) (0.132) <0.212) (0.041) (0.136) (0.094)
ln (L) -529.45 '-567.52 -571.66 -621.39 -521.86 -514.37
a+/3 0.868 0.850 0.745 0.972 0.844 0.833
t-stat 1.367 1.494 1.742 1.096 1.336 2.459
F-stat 0.070 0.580 0.330 0.010 0.270 0.370
Dataset B daily data Jan 1986 - April 1989
$US Y £ DM TWI
4 0.039 0.030 0.042 0.051 0.061(0.010) (0.009) (0.011) (0.010) (0.009)
OL 0.150 0.081 0.097 0.078 0.193
(0.026) (0.013) (0.018) (0.012) (0.024)
ß 0.779 0.891 0.843 0.868 0.676(0.036) (0.015) (0.029) (0.019) (0.039)
ln (L) -869.05 -1162.3 -1018.3 -1144.2 -805.22
oc+ß 0.930 0.972 0.940 0.946 0.870
t-stat 3.241 2.594 3.492 4.490 5.046
F-stat 0.300 2.060 0.330 0.260 3.510
Note: Standard errors are in parentheses.
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Table 3.20
EGARCH Parameter Estimates
Dataset A: weekly (Friday) data Jan 1979 - April 1989
$us Y £ DM TWI $c
4 0.044 0.037 0.032 0.022 0.108 0.015(0.007) (0.010) (0.011) (0.008) (0.007) (0.005)
a 0.272 0.162 0.168 0.048 0.493 0.088
(0.046) (0.025) (0.030) (0.021) (0.018) (0.023)
ß 0.984 0.976 0.979 0.987 0.962 0.995(0.006) (0.009) (0.010) (0.005) (0.007) (0.003)
8 -0.025 -0.101 0.132 -0.575 -0.206 -0.697
(0.085) (0.068) (0.082) (0.335) (0.060) (0.216)
7 1.000 1.000 1.000 1.000 1.000 1.000
ln (L) -839.61 -988.21 -996.17 -1124.2 -760.80 -836.43
Dataset A: weekly (Friday) data Jan 1984 - April 1989
$US Y £ DM TWI $c
4 - 0.165 - 0.336 0.141 0.105
(0.089) (0.158) (0.070) (0.067)
a - 0.182 - 0.168 0.062 0.034
(0.075) (0.069) (0.048) (0.051)
ß - 0.882 - 0.806 0.852 0.893• (0.066) (0.093) (0.074) (0.069)
8 - -0.285 - -0.183 -1.519 -2.300
(0.187) (0.283) (1.186) (3.821)
7 - 1.000 - 1.000 1.000 1.000
ln (L) - -563.18 - -621.66 -512.82 -519.29
Dataset B: daily data Jan 1986 - April 1989
$us Y £ DM TWI
4 -0.086 0.001 -0.026 -0.027 0.165
(0.022) (0.007) (0.011) (0.020) (0.027)
a 0.296 0.113 0.179 0.294 0.350
(0.042) (0.029) (0.037) (0.053) (0.036)
ß 0.871 0.887 0.918 0.684 0.793
(0.025) (0.023) (0.022) (0.059) (0.026)
8 -0.315 -1.089 -0.285 -0.402 -0.373
(0.093) (0.354) (0.109) (0.120) (0.075)
7 1.000 1.000 .1.000 1.000 1.000
ln (L) -865.39 -1162.0 -1021.0 -1142.5 -805.05
Note: Standard errors are in parentheses
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Table 3.21
Average Sample Estimates of the Variances and Covariances
over a Four Week Interval
Dataset A: weekly (Friday) data Jan 1984 - April 1989
/ A,var(z ) 1 1 . 9 X 1 0 " 4 
( 2 . 5 5 x l 0 ' 4)
. A  UK.C O V ( Z  , Z  ) 3 . 23xl0'4 
( 1 . 60xl0'4)
. A  us.cov (z ,p ) 0 . 2 4 9 x l 0 ' 4 
( 0 . 1 8 x l 0 " 4)
f A GE R *cov(z ,z ) 2 . 7 6 x l 0 ‘4 
(1.7 6 x l 0 -4)
. A  JAP.cov(z , Z  ) 2 . 5 8 x l 0 ~ 4 
( 1 . 5 8 x l 0 " 4)
, A  CA N .cov(z , Z  ) - 0 . 9 0 x l 0 " 4 
( 0 . 3 7 x l 0 -4)
Note: Hansen (1982) standard errors in parentheses
Table 3.22
Maximum Conditional Moment Estimates of the Variances and Covariances
over a Four Week Interval
Dataset A: weekly (Friday) data Jan 1984 - April 1989
/ A \ var(z ) 5 3 . 54xl0"4 . A  UK,cov(z , Z  ) 1 5 . 89xl0~4
/ A US,cov(z ,p ) 2 . 8 7 2 x l 0 " 4 cov(z ,z ) ' 1 5 . 03xl0~4
cov(z ,z ) 5 . 3 2 2 x l 0 -4 cov(z , Z  ) 1 4 . 8 1 x l 0 -4
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Table 3.23
ADF Tests for PPP Relationship
Lags (m)
Variables 4 2 1 0
AP -1.787 -0.945 -0.449 -0.036u sp -1.840 -0.938 -0.849 1.215
U  KP -1.007 -0.320 0.049 1.400
J A PP -1.345 -0.857 -0.347 0.302G E RP -1.555 -0.911 0.063 0.816
s[$US/$A] -2.456 -2.367 -2.352 -2.498
s[£/$A] -1.837 -1.809 -1.950 -2.006
s[Y/$A] -1.820 -1.554 -1.412 -1.538
s[DM/$A] -2.393 -2.023 -1.894 -2.031
U S  AP /P -3.316 -1.762 -1.367 -1.029
U K  AP /P -0.803 -0.123 -0.345 0.181
J A P  AP /P -3.400 -2.449 -2.357 -2.227G E  R  AP - /P -1.532 -1.422 -1.479 -1.458
pUS/pA s[$US/$A] -2.331 -2.261 -2.313 -2.465
pUK/pA s[£/$A] -2.460 -2.319 -2.287 -2.335
pJAP/pA S[Y/$A] -2.169 -1.745 -1.686 -1.901
pCER/pA S[DM/$A] -2.315 -1.945 -1.881 -2.139
Note: Critical Values: 10% = -3.12, 5% = -3.41
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Table 3.24
Johansen’s Method for PPP
US
Canona s pus PA Constant X *X
1 -7.749 7.685 -7.389 -3.612 0.233 0.228
2 -7.148 -9.032 3.515 -0.715 0.145 0.081
3 0.469 8.198 -7.902 -0.394 0.046 -
UK
Canona s pUK p* Constant X *X
1 -3.742 5.257 -5.795 -1.972 0.162 0.160
2 -5.709 3.081 -5.066 1.207 0.091 0.073
3 -5.014 9.061 -8.959 1.882 0.073 -
GERMANY
Canona s p° p4 Constant X *X
1 -0.212 19.479 -11.154 3.130 0.413 0.129
2 8.074 -42.188 22.914 -9.756 0.170 0.118
3 -3.141 -22.099 7.231 1.615 0.089 -
JAPAN
Canona s pJ pA Constant X «X
1 -1.846 6.744 -4.391 13.313 0.328 0.277
2 0.549 1.563 1.494 -4.045 0.154 0.100
3 -7.722 9.295 -11.472 41.941 0.063 -
US
Canona s p us PA X *X
1 11.183 -3.582 5.938 0.181 0.173
2 1.195 -21.786 14.859 0.098 -
3 2.413 15.921 -13.916 0.011 -
UK
Canona s p uk pA X «X
1 -8.348 8.943 -10.684 0.101 0.089
2 -1.369 6.476 -5.364 0.084 -
3 -1.457 -14.686 17.565 0.000 -
GERMANY
Canona s p° pA X *X
1 -0.655 -15.884 9.243 0.378 0.118
2 -11.019 63.572 -35.126 0.101 -
3 1.884 30.061 -11.598 0.061 -
JAPAN
Canona s p j pA X *X
1 -1.815 7.860 -4.042 0.226 0.159
2 -7.968 10.755 -13.063 0.069 -
3 -1.353 14.079 -11.347 0.009 -
Note: X* are the eigenvalues imposing PPP restriction.
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Table 3.25
Estimation of the PPP Fundamental Exchange Rate
s AP u sP Ar usr Inter X-9.357 -36.97 23.56 -0.559 -1.287 -8.207 0.580
0.376 -35.53 20.50 0.449 0.796 -9.323 0.335
7.310 -8.820 9.502 -0.167 -0.111 6.480 0.214
-9.144 -11.74 4.301 0.006 0.154 -3.779 0.171
-3.471 35.98 -25.15 -0.250 -0.220 5.317 0.052
Table 3.26
Estimation of the Fundamental Monetary Exchange Rate Model
s Am u s m Ay usy Ar u s r Inter X1.972 4.133 13.00 -60.70 5.233 0.728 0.391 -488.8 0.653
2.756 2.086 1.776 3.912 -13.75 -0.002 -0.046 -35.77 0.544
-10.32 11.89 -11.04 30.67 -50.28 -0.604 -0.027 35.64 0.365
-3.260 -2.241 -19.70 72.80 -27.83 0.318 0.201 -423.6 0.270
-4.604 -17.06 11.90 29.17 -7.989 -0.218 0.663 -161.3 0.210
11.34 -6.800 22.79 19.45 -35.85 -0.274 -0.105 11.00 0.124
-1.203 6.116 3.021 -5.934 -22.33 -0.233 0.354 166.9 0.072
Table 3.27
Estimation of the Fundamental Exchange Rate Including Balance
of Payments
s A U Sm - m Ay usy ACA CAUS Inter X-5.596 -21.25 48.14 -6.546 0.189 0.218 -386.5 0.576
4.039 18.30 -27.58 -12.94 -0.212 -0.142 329.8 0.462
-5.546 18.16 26.95 -50.36 0.234 -0.174 54.27 0.363
-11.30 -5.464 -22.51 20.51 0.044 0.063 98.33 0.253
6.501 9.103 -24.37 16.33 0.158 -0.258 97.09 0.160
-8.562 4.914 -25.89 25.66 0.040 0.107 56.22 0.056
Note: CA1, i = A, US is the current account figures for Australia and 
the US.
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Figure 3.1: Nominal Interest Rates
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Figure 3.2: Twelve Month Inflation Rates
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Figure 3.3: Real Interest Rate Differential (Compared with U.S.)
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Figure 3.4: Excess Percentage Return From Investing in Australia
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Figure 3.5: Average Forecast Compared with Forward Rate and Inflation Differential
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Figure 3.6: Average Four Week Forecast Compared with Forward Rate and Actual Change
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Figure 3.7: Nominal Risk Premium and the Forward Rate Error
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Figure 3.8: Distribution of Weekly and Four Weekly Returns Against the TWI
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Figure 3.9: Distribution of Weekly and Four Weekly Returns: Yen/$A and Yen/$US
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Figure 3.10: Recursive Estimates of the Variance of Weekly Exchange Rate Returns
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Figure 3.11: Recursive Estimates of the Variance of Daily Exchange Rate Returns
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Figure 3.12: Daily Conditional Variance Estimates as a Function of Past Returns
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Figure 3.13: Daily Conditional Skewness Estimates as a Function of Past Returns
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Figure 3.14
Conditional Risk Premium
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Figure 3.15: Real Exchange Rate
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Figure 3.16: Residuals from the Exchange Rate Cointegrating Relationship (1971.1-1988 4)
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D ata  A p p e n d ix
S e c t io n  3.2
Three month Eurocurrency ra te s  fo r  U.K., Japan, and West Germany 
come from  the  OECD Financial S ta tis tic s  (various issues). The th ree  
month A ustra lian  and U.S. T reasu ry  Bills a re  from  the Reserve Bank of 
A ustra lia  (RBA) bulle tin , and the  Canadian (th ree  month) and Ita lian  
(six  month) r a te s  a re  from  the OECD Main Economic Indicators.
The CPI fig u res  a re  from  the  OECD Main Economic Indicators. 
A ustra lia  only has q u a rte rly  Consumer P rice Index (CPI) fig u res, 
consequently m onthly in fla tion  ra te s  a re  assum ed to  be the  sam e as 
the  q u a rte rly  r a te  fo r  each m onth in th a t  q u a rte r . In addition, a 
co rrec tio n  is made in the  A ustra lian  CPI fig u res  to  take  account of 
the  ‘M edicare e f f e c t ’ which increases the  in fla tion  fig u re  from  the 
March q u a r te r  1984 to  the  March q u a rte r  1985.
S e c t io n  3.3
The expecta tion  d a ta  used fo r  A ustra lia  comes from  various 
Monday issues of The A ustra lian  over the  period 8 /3 /8 5 -1 8 /9 /8 7 . The 
expecta tions w ere obtained on the  F riday  a fte rnoon  (p rio r to  the 
Monday) by telephone betw een 3 p.m. and 5 p.m. from  six teen  
econom ists. There w ere o rig inally  only fo u rteen  econom ists although 
th is  w as soon extended to  six teen . Hunt (1987) who organised  the 
survey says th a t  every a ttem p t w as made to  con tac t the  same 
individuals each week. The six teen  com panies in the  survey w ere: ANZ 
Bank, B.N.P., The A ustra lian  Bank, ’ B arclays, B.A., B .T ., C iticorp, 
Commonwealth Bank, E lders, Lloyds, M acquarie Bank, N ational A ustra lia  
Bank, R ural and Industry  Bank, Schröders, S ta te  Bank of N.S.W. and 
W estpac. They w ere asked to  p red ic t the  spot r a te  a t  3 p.m. the
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follow ing Friday  and the Friday in fo u r weeks tim e. Quoted in The
A ustra lian  the  follow ing Monday a re  the  average, upper, and lower
values of the  six teen  responses f  or the  one and f  our week ahead
fo re c a s ts . Over the  e n tire  period of one hundred and th ir ty - th re e
weeks, five observations a re  m issing due to  Bank Holidays fa lling
e ith e r  on the  Monday or the  F riday and these  observations a re
38excluded over the  en tire  analysis.
The spot r a te  is the  F riday close spot r a te  in the  w holesale 
m arket, and the  F riday one m onth fo rw ard  ra te  is an average of the  
buy and sell r a te s  (quoted in the A ustra lian  Financial Review on the 
follow ing Monday).
The in fla tio n  r a te  in A ustra lia  and the U.S. use CPI f ig u res  
which had been published a t  the  tim e the  expecta tions w ere form ed. 
The A ustra lian  CPI fig u res  w ere alw ays published by the  end of the
m onth im m ediately follow ing the  end of each q u a rte r . For each Friday
A A Ain m onth i A ustra lian  in fla tion  is ca lcu la ted  as n = P /P  -  1,
1 1-4  1-16
A
w here P is the  CPI in month i. Account is taken  of the  M edicare 
l
e ffe c t. For the  U.S. the  in fla tion  figu re , tiUS = Pus / P us -  1,
& 1 i - 3  1-15
w here PUS is U.S. CPI.
i
38 In th is  analysis the  average fo re c a s t value fo r  one and fo u r weeks 
ahead is used. The use of a mean value may be reg ard ed  as a problem  
because a ll fo re c a s ts  a re  equally w eighted using a sam ple mean 
com pared to , fo r  exam ple, a median. This would b ias the  fo re c a s t 
to w ard s the  ex trem e prediction . However, th is  problem  has not been 
evident in o th er re se a rc h  w here the  mean fo re c a s t has been found to  
be b e tte r  th an  the  m edian, Lowe and T revor (1986). It has also been 
suggested  th a t  individuals may m isrep o rt th e ir  exchange ra te  
expecta tions in o rd er th a t  they can make gains f  rom  th e ir  
in fo rm ation . There a re  tw o re la te d  ob jec tions to  th is: f ir s t ly , i t  is 
not obvious w hat co n stitu te s  p riv a te  inf orm ation in determ ining 
exchange r a te  movements, and from  w here th is  in fo rm ation  would 
o rig ina te . Secondly, i t  is very r a r e  fo r  fo re ign  exchange d ea le rs  to 
take  open positions in the  fo re ign  exchange m arket fo r  as long as 1 
day and th is  covers one and fou r week periods.
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S e c t io n  3 .4
This section  uses the  expecta tions d a ta , spo t r a te  and fo rw ard  
r a te  from  Section 3.3, as well as D atase ts  A and B.
D a ta se t A: W eekly (F rid ay) E xch an ge R a te s  5 /1 /7 9 - 2 1 /4 /8 9
The spot r a te , one m onth fo rw ard  ra te , and th re e  month fo rw ard  
ra te  fo r  the  $A/$US and the A ustra lian  TWI a re  from  I.P. Sharp 
A ssociates "A ustralian  F inancial M arket D ata Base". The f i r s t  th re e  
of these  se rie s  a re  from  the Commonwealth Bank of A ustra lia , and a re  
average buy and sell r a te s  a t  the  close of tra d e  on each Friday. The 
TWI is from  the  Reserve Bank of A ustra lia  (RBA) a t  4 p.m. The spot 
r a te s  $US/Y, $US/DM, $U S/£, $US/$C a re  from  I.P. Sharp  A ssociates 
"Currency Exchange R ates D ata Base", and a re  noon buying price  in $US 
in New York. These d a ta  a re  from  the Federal Reserve System , N.Y. 
Bank.
D a ta se t B: D a ily  E xch an ge R a tes  1 /1 /8 6 -1 1 /4 /8 9
R ates a re  the  daily rep re sen ta tiv e  r a te s  from  the  Reserve Bank 
of A u stra lia  fo r  $US/$A, Y/$A, £ /$A , DM/$A, and TWI.
S e c t io n  3 .5
D atase ts  A and B a re  both used in ca lcu la ting  the  skewness 
m easures.
S e c t io n  3 .6
D atase t A is used to  ca lcu la te  the  r isk  prem ium  m easures. The 
price  d a ta  come from  m onthly U.S. CPI d a ta  from  the  OECD Main 
Economic Ind ica to rs  (various issues). All F ridays in any given month 
a re  assigned the  price  index fo r  th a t  month.
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S e c tio n  3.7
The q u a rte rly  p rice  d a ta  over the period 1970:1 to  1988.4 are  
CPI se rie s  from  the OECD Main Economic Ind ica to rs  (various issues) 
and the  spot r a te s  from  the RBA bulle tin  (various issues). The th ree
m onth in te re s t  r a te  d a ta  is also from  the  RBA bulletin .
For the  m onetary  models the  d a ta  a re  q u a rte rly  over the  period 
1970.1 to  1988.4. The m onetary  variab le  is Ml, the  c u rre n t account 
and th re e  m onth T reasu ry  Bills (both A ustra lian  and U.S.) a re  
obtained from  the  RBA bu lle tin  fo r  A ustralia . U.S. Ml, and the
c u rre n t account f ig u re s  a re  from  the  OECD Main Economic Ind icato rs. 
Real GDP fo r  A ustra lia  and the  U.S. is from  the  OECD q u a rte rly
national accounts se rie s . All the  d a ta , except the  in te re s t r a te  d a ta
is seasonally  ad ju sted .
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A p p e n d i x  3 .A: Tax and R e t u r n s  Ava i lab le  in A u s t r a l ia
This appendix deals b rie fly  w ith  the issue of ta x  on A ustralian  
asse ts . The a rb itra g e  conditions given by equation (3.1) a re  valid 
fo r  a rep re sen ta tiv e  U.S. investor provided the ta x  tre a tm e n t is the 
sam e fo r  the  income earned  on U.S. nominal a sse ts  as it  is fo r  income 
earned  on A ustra lian  nominal a sse ts . In general, the  income earned  on 
A ustra lian  nom inal a s se ts  consists of both in te re s t  and cap ita l 
g a in /lo ss . The ta x  tre a tm e n t of cap ita l gain is the  sam e as nominal 
income, bu t a maximum of $US 3 ,000  per annum cap ita l loss can be 
w ritte n  o ff  ag a in st o th er income fo r  U.S. ta x -p a y e rs . For large  
investo rs, th is  may be a s ig n ifican t d isto rtion . However, in a 
d iversified  po rtfo lio  which includes nominal a sse ts  from  several 
coun tries , a cap ita l loss on holdings in one cu rrency  can be o ffse t 
ag a in st cap ita l gain on holding in o ther currencies. This should 
reduce the  d isto rtio n , though not elim inate it.
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A p p e n d i x  3.B: C o v e red  I n t e r e s t  P a r i t y
The condition of Covered In te re s t P a rity  (CIP) is invariably  
accepted w here it  is te s te d  in the  fo re ign  exchange m arket, see Chong 
(1987) and Frankel and F root (1987a), both stud ies considered an 
equation of the  form  (3.B.1),
r  -  r  = a  + ß  f d k + c (3.B.1)t t t t
*
r  and r  a re  the  dom estic and fo re ign  in te re s t ra te s  respectively , and
fd k [ = ln(Fk) -  ln(S^)] is the  log of the  fo rw ard  discount k periods
ahead. Fk is the  fo rw ard  ra te  k periods ahead. The m arket efficiency  
null hypothesis has Hq: a  = 0, and ß  = 1. In a m ore recen t study 
Ju ttn e r  and Luedecke (1988) using the $A/$US ra te  suggest th a t  th e re  
a re  m arked and p e rs is te n t deviation from  CIP of the  o rd er of 2 -  37» 
over the  period Dec 1983 to  June 1986, see th e ir  F igure 1. Using
observations fo r  the  same day a t  the  end of each m onth fo r  the  period 
1984.1-1989.3, CIP is te s te d  betw een A ustra lia  and the  U.S. The 
in te re s t  r a te  d a ta  fo r  A ustra lia  is th re e  month T reasu ry  bill ra te s , 
as published in the  Reserve Bank of A ustra lia  (RBA) bu lle tin  (various 
issues), the  U.S. in te re s t  r a te  is th re e  m onth T reasu ry  bill r a te s  as 
published in the  New York Times. The spot r a te  and the  fo rw ard  ra te  
a re  an average of the  buy and sell ra te s  as published in the
A ustra lian  F inancial Review (AFR). Table 3.B.1 re p o r ts  sum m ary 
s ta t is t ic s  on equation (3.B.1) under the  null hypothesis
T ab le  3.B.1: S u m m ary  S t a t i s t i c s  f o r  CIP
R e s id u a l
M ean E r r o r -0 .2 8 1 7
A b s o lu te  M ean E r r o r 0 .6 6 9 0
R o o t Mean S q u a r e  E r r o r 0 .8 4 6 4
(Percentage E rro r  Per Annum)
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Figure 3.B.1 is a plot of the  ac tua l in te re s t d iffe re n tia l and th a t  
ca lcu la ted  by the fo rw ard  discount along w ith the residua ls  of th is  
d iffe rence . The plot shows th a t  th e re  a re  few , even sm all, d ep a rtu re s  
from  the  CIP condition. The la rg e s t e rro rs  occur in January  1986, 
-1.767. and then in April 1986, 2.847.. E stim ating  equation (3.B.1)
yields,
r  -  r* = 0.5639 + 0.9533 fd 3 + e . (3.B.2)t t t  t
( 0 . 3 1 3 7 ) ( 0 . 0 4 5 4 )
R2 = 0.9414 * 2( IV a = 0 _ß=1) = 4.426
(Hansen (1982) s tan d a rd  e rro rs  in paren theses)
The reg ressio n  re su lts  cannot re je c t the CIP hypothesis, in which
case in te re s t  r a te  d iffe re n tia ls can be used in place of the  fo rw ard
discount.
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A p p e n d i x  3.C: O n e - w e e k  E x p e c t a t i o n s  Data
a SE ß SE R2 DW
2
X
Eqn. (3 .3) - 0 . 0 1 2 0 . 0 0 7 - 6 . 9 6 8 3 . 8 1 .0 2 6 2.  08 6 . 7 2
Eqn. (3 .4) 0 . 0 0 1 0 . 4 5 1 0 .976 0 . 9 8 .0 0 8 1 . 3 7 0 . 5 7
E q n . (3.5) 0 . 0 1 3 0 . 0 0 7 7 .944 3 . 9 5 .031 2.  09 6 . 6 8
Note: x  t e s t s  Hq: a  = 0, ß = 1 fo r  equation (3.3) and (3.4) and 
Hq : a  = 0, ß  = 1 fo r  equation (3.5). OLS s tanda rd  e r r o r s  (SE) 
a re  reported.  Weekly (Friday) da ta  f rom 8 / 3 /8 5  to 18/9/87.
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A p p e n d ix  3.D: N o n - p a r a m e tr ic  T e s t  f o r  F o r e c a s t in g  P e r fo r m a n c e
Lai (1990) used the  te s t  of H enriksson and M erton to  evaluate 
exchange r a te  fo re c a s ts . Define the  p robab ilities  of a c o rre c t 
fo re c a s t as
p^(t) = Prob{A c o rre c t fo re c a s t | p rice  fe ll a t  tim e t>
and
p^Ct) = Prob{A c o rre c t fo re c a s t | p rice  did not fa ll  a t  tim e t>
the null hypothesis of ra tio n a lity  te s ts  the  null hypothesis p ^ t)  +
p ^ t)  ^ 1 ag a in st the  a lte rn a tiv e  p ^ t)  + p ^ t)  < 1.
The te s t  is then  based upon the follow ing sam ple s ta t is t ic s :  n^
= num ber of observations w here the  exchange ra te  ac tua lly  fe ll, n  ^ =
num ber of observations w here the exchange ra te  did not fa ll, N = n  ^ +
m  ^ = num ber of c o rre c t fo re c a s ts , given th a t  the  exchange ra te
fe ll, m = num ber of c o rre c t fo re c a s ts , given th a t  the  exchange ra te
did not fa ll , and M = m + m . An estim a te  of p + p is
p + p = m / n  + ( n  -  m ) /n  .
1 2  1 1  2 2 2
The observed sign ificance level fo r  a o ne-ta iled  te s t  under the  null 
hypothesis is then  ca lcu la ted  as
m
- 1
w here m = m ax {0, M-n >. 
- 1  2
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A p p e n d ix  3.E: N o n - p a r a m e tr ic  S t a t i s t i c a l  S k e w n e s s  T e s t
This appendix describes a n o n -p aram etric  s ta t is t ic a l  te s t  fo r 
the skew ness of the  d istrib u tio n  As (a /b ). Assume th e re  ex is ts  an oddi
39num ber (2n + 1) of independent observations from  A s^a/b ). O rder the
sam ple from  the  m ost negative to  the  m ost positive and define d  ^ as
the  jth observation  (so d < d ^ d  fo r  1 < i < 2n+l). d is
the  m edian of the  sam ple. Define y = d -  d ^  j  = 1.......... 2n+l,
and fo rm  the  random  variab les Y , k = 1, 2n, defined by Y = -1
k k
when y is the  kth la rg e s t of the  y ’s in a b so lu te  value and y is 
J J ----------------------------  J
negative; Y = 1 when y is the  k la rg e s t of the  y ’s
k J j
in a b so lu te  value and y  ^ is non-negative. Finally, define the  random
walk Z^, by
k
Z = 0, Z = Z Y , k = 1.........2n.
o k j = i  j
Provided th a t  d * d fo r  a ll j  *  n+l, th e re  a re  exactly  n ‘-T
J n+l
values and n ‘+T values taken  by the  random  variab les Y^, k = 1, 
. . . ,  2n, and hence the random  walk, Z , walks from  Z to  Z = 0 .
k 0 2n
Crucially, under the  null hypothesis th a t  the d istr ib u tio n  A s^a/b ) 
is sym m etric, a ll d is tr ib u tio n s  of the  n ‘-1’ values and the  n ‘+T
values among the  random  variab les Y , K. = 1, . . . ,  2n, a re  equally
k
likely and all walks Z^ from  Zq to  = 0  a re  also equally likely.
By c o n tra s t, if  A s^a/b ) is negatively  (positively) skewed, Z^, k = 
1, . . . .  2n, w ill be m ore likely to  walk to  large  negative (positive) 
values befo re  re tu rn in g  to  zero  when k = 2n. No specific  assum ption
The assum ption of independence makes the  analysis exact. For an even 
num ber (2n +
but now define y
J
random  variab le  Y
2) of independent observations, define d  ^ as described, 
d -  (d + d )/2 ,
n+l n+2J
1, 2n,
j  = 1..........  2n+2. The
a re  defined as described  and
equation (3.D.1) is the  n o n -p aram e tric  te s t  fo r  skewness.
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about the d is tr ib u t io n  o f A s^a /b ) is necessary -  the  n u ll hypothesis 
is s im p ly  th a t A s ^a /b ) is sym m etric .
D efine the random  va ria b le  W as the number o f random  va riab les
M
Y , k = 1.........  M, w h ich  take the value *-1*. Under H , Pr(W = w ),
k o M
is
f  M I  r 2n -  M 1 
[  w  ' [  n -  w
Pr(W = w ) = ----------------------------------------------. (3.E.1)
( “ )
The one-sided te s t fo r  negative (pos itive ) skewness involves
eva lua ting  the p ro b a b ility , P r(W ^ ^  w ) [P r(W ^ ^  w )]. Fo r the  re su lts
in  Table 3.12, n = 84, and M = 10 was chosen. E va lua tion  o f (3.E.1)
gives: Pr(W = 10) = 0 .0007 , Pr(W s 1) = Pr(W >  9 ) =  0 .0090 ,
10 10 10
Pr(W ^  2) = Pr(W £ 8) = 0.0494. Thus, sample values o f W o f 9
10 10 r  10
o r 10 ( 0 o r 1) im p ly  re je c tio n  o f Hq a t the one per cent leve l o f 
s ig n ifica n ce  aga ins t the  a lte rn a tiv e  o f negative (pos itive ) skewness, 
w h ile  a value o f 8 (2) im p lies  re je c tio n  a t the f iv e  per cent level. 
Samples values 3 ^  W ^ 7 are in s ig n if ic a n t.
As discussed in  Section 3 .5 .2  the d is tr ib u t io n  o f As (a /b ) a t
l
t im e  t  depends upon e a r lie r  observations. C lea rly , th is  inva lida te s  
the independence assum ption. M od ify ing  the te s t, the  n u ll hypothesis 
is  now th a t each o f the  A s*(a /b ) d is tr ib u tio n s  a t tim e  t  is  sym m etric  
w ith  a common mean. Under th is  n u ll, the  d is tr ib u t io n  o f W is  a lm ost
M
unchanged. For i l lu s t ra t io n  assume an ex trem e case in  w h ich  under the 
n u ll, f o r  ten  p a r t ic u la r  tim es, t ( j ) ,  j  = 1, . . . ,  10, the
d is tr ib u tio n s  A s ^ \  j  = 1, . . . ,  10, are id e n tic a l and have a ll 
th e ir  p ro b a b ility  w e ig h t in  tw o  (sym m etric ) ta i ls  w ith  no overlap
T
w ith  the  o the r d is tr ib u tio n s , As , x *  t ( j ) ,  j  = 1, . . . ,  10. In  th is  
case, fo r  j  = 1, . . . ,  10, m ust come fro m  A s ^ \  Under the n u ll 
hypothesis, Pr(W io = w ) is
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Pr( W = w) 
10
r 10 1 
w
V /
(3.E.2)
Equation (3.E.2) gives Pr(W = 0) = Pr(W = 10) = 0 .00098, Pr(W ^ 
M 10 10 10
1) = Pr(W — 9) = 0.011, Pr(W < 2) = Pr(W £ 8) = 0.055. Thus in 
10 10 10
th is  ex trem e case, the  c r it ic a l values a re  only changed slightly .
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A p p e n d i x  3.F: E s t im a t in g  th e  R i s k  Pr e m ium
To evaluate  cov(zA, pUS), req u ires  E Jp ^ S/p ^ SJ .  Assume a simple 
fo rm  of adaptive expectations: E [pUS/ p US ] = pUS / p US . The
t t t + 4 t-16 t-12
six teen  week lag is used to  ensure th a t  only published price  indices
a re  used in form ing the  expectation . A m ore soph istica ted  expecta tion
us usfo rm ation  assum ption should presum ably reduce p /p
t t+4
E [p^S/p ^ S^], and hence reduce the  es tim ate  of cov(zA, pUS). 
Consequently, the  es tim a te  is an o ver-estim ate . In evaluating  the  
o ther covariances and variance, it  is assum ed
E [(pUS/ p US ).(ASJ/ S j )] = 0, (3.F.1)
t t t+4 t t
because, over fo u r weeks, exchange ra te  changes fo r  the cu rrenc ies 
a re  well approx im ated  as a random  walk w ith  zero  mean. Using the  one 
m onth fo rw ard  discount in equation (3.F.1) as the  expected
A
deprec ia tion  of the  $A ag a in st $US increases the  es tim a te  of var(z  ) 
from  11.9x10 4 to  12.5x10 4.
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Figure 3.B.1: Covered Interest Parity
Interest Differential and Forward Discount
Interest Differential 
Forward Discount
Residuals from CIP Equation
1984 1985 1986 1987 1988 1989
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PART TWO
SIMULATION, ESTIMATION AND TESTING
CHAPTER FOUR
IN FEREN CE IN LINEAR MODELS WITH GENERATED R E G R E SSO R S: 
A MONTE CARLO COMPARISON U SIN G O LS, IV, FIML 
AND BOOTSTRAP ESTIMATES
4.1. I n t r o d u c t io n
Pagan (1984) review ed the  tw in  issues of efficiency  and
s ta t is t ic a l  in ference  fo r  linear models w ith  genera ted  reg re sso rs , 
th a t  is, models w ith  unobserved exp lanato ry  variab les, using a num ber 
of i llu s tra tiv e  models. It was dem onstra ted  th a t  the  app lication  of 
the 2 -s te p  m ethod to  such models could lead to  ineffic iency  and to
in co rrec t conclusions being draw n from  hypothesis te s ts . While the  
co effic ien t e s tim a tes  using the 2 -s tep  method a re  consisten t, the
conventionally program m ed s tan d a rd  e rro rs  of these  OLS coeffic ien t 
e s tim a tes  a re  o ften  inconsisten t. For m ost of these  models, Pagan 
(1984) exam ined when the  OLS and In strum en tal V ariables (IV) 2 -s tep  
m ethods w ere e ff ic ie n t and when s ta n d a rd  e rro rs  w ere consisten t. A 
sum m ary of the  p ro p ertie s  of the  2 -s te p  e s tim a to r fo r  various models 
is provided in Table 4.1. Since these  models and v a ria tio n s  of them  
a re  used extensively  (and also inco rrec tly ) in p rac tice  (fo r two
recen t exam ples, see Card (1990) and Fam a (1990)), i t  is essen tia l
th a t  th e ir  sm all sam ple p ro p ertie s  be com pared and evaluated  through 
the  use of Monte Carlo experim ents.
In th is  ch ap te r a num ber of sirriple th eo re tic a l exam ples is used 
to  investiga te  the  em pirical d iffe ren ces  th a t  can a rise  in the 
ca lcu la tion  of the  s tan d a rd  e rro rs  using the  2 -s te p  OLS method, as
opposed to  the  2 -s te p  IV or Full Inform ation  Maximum Likelihood
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(FIML) m ethods. FIML estim a tes  a re  consisten t and asym ptotically  
e ff ic ie n t, and the  s tan d a rd  e rro rs  a re  asym ptotically  valid. Even 
though the  fo rm ula  fo r  the  C orrect OLS stan d a rd  e rro rs  is known fo r 
the linear models exam ined here, it  would also seem valuable to  
exam ine the em pirical usefu lness of tw o v a ria n ts  of the  p a ram etric  
b o o ts trap  m ethod in providing a lte rn a tiv e  e s tim a tes  of s tan d ard  
e rro rs . The b o o ts trap  is a very useful com puter-in tensive method fo r  
obtain ing  e s tim a tes  of s tan d a rd  e rro rs  in s itu a tio n s  w here it  is 
com putationally  d iff ic u lt to  ca lcu la te  the c o rre c t s ta n d a rd  e rro rs , 
or when the  ana ly tica l expressions a re  in tra c ta b le . The m ethod is 
s im ila r to  a Monte Carlo experim ent, w ith a r t i f ic ia l  d a ta  genera ted  
by se ttin g  the  tru e  p a ram ete rs  a t  th e ir  estim ated  values and choosing 
the  e r ro r  d is tr ib u tio n  as the  em pirical d is tr ib u tio n  of the  
residua ls . Since the  sam ple d a ta  a re  random  draw ings from  a 
p a r t ic u la r  population, random  draw ings from  the  sam ple may also be 
viewed as random  draw ings from  the  population. The p robab ility
d is tr ib u tio n  of a p a rtic u la r  s ta t is t ic  can then  be es tim ated  by the 
em pirical frequency  d istr ib u tio n  of i ts  values from  a r t i f ic ia l
b o o ts trap  sam ples (of the  sam e size) taken random ly, and w ith 
rep lacem ent, from  the  orig inal sample.
Two variab le  addition  d iagnostic  te s ts  fo r  the  genera ted
re g re sso r  s tru c tu ra l  equation a re  also p resen ted  f  or each of the 
models, using a lte rn a tiv e  m ethods of estim ation . These te s ts  a re  a 
te s t  of se ria l co rre la tio n  (see Breusch and Godfrey (1986)) and the 
RESET te s t  fo r  model m isspecifica tion  (see Ramsey (1969, 1974)).
Since the  functional fo rm  is assum ed co rrec tly  specified  and the
e rro r s  assum ed un co rre la ted  (but not necessarily  hom oscedastic) in 
e stim ation  and te s tin g  of the  models exam ined here , it  is essen tia l
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th a t  these two assum ptions be tes ted .
An extensive range of Monte Carlo sim ulation experim ents is 
conducted as follow s: a  uniform  d istr ib u tio n  and a tre n d -s ta tio n a ry
f ir s t- o rd e r  au to reg ressive  process fo r  the  expecta tions equation; the 
e ffe c ts  of using the same and d iffe rin g  num bers of observations fo r 
the  expecta tions and s tru c tu ra l  equations on the com putation of the 
c o rre c t covariance m atrix ; the  e ffe c ts  of imposing an in co rrec t
covariance re s tr ic tio n betw een the  e rro rs of the  expecta tions and
s tru c tu ra l equations; the  e ffe c ts  on the s ta n d a rd  e rro rs of
s tru c tu ra l in stab ility , h e te ro sced astic ity and m isspecifica tion of
the  expecta tions equation; and the e ffe c ts  of d iffe re n t m ethods of 
es tim ation  on the  functional m isspecifica tion  and se ria l co rre la tio n  
d iagnostic  te s ts .
4.2. S im u la t io n  E x p e r im e n ts
This ch ap te r considers a num ber of special cases of the 
follow ing tw o-equation  model:
yt
*  *
5 z + 5 z + r  (z -  l t  2 t - i  i t + y 2 (z -t-1 Z ) + X 'ß  + G t-1 t t
*
z = z + 7} = W , a  + 7i.  t t t t t
The fo u r cases considered are:
Model 1 : 5  = y = y = 0, ß = 0 
2 1 2
Model 2: 5 = y = y  = 0 
2 1 2
Model 3: 5 = y = 0, ß = 0
2 2
Model 4: ß = 0.
These fo u r models correspond to  Models 1, 2, 4 and 5, respectively , 
in Pagan (1984). It is in itia lly  assum ed th a t  the d istu rbances of the  
tw o equations a re  d raw n from  independent norm al d is tr ib u tio n s , each
180
w ith  zero  mean and constan t variance, i.e. e ~ NID(0, cr ) and 77 ~
t t
2
NID(0, cr ) fo r  t  = 1, 2, T. Since increasing  the variance of the
d istu rbance  te rm s reduces the exp lanato ry  power of the  model, two
2 2d iffe re n t values of <r a re  used, namely <r = 1, 100, to  exam ine the 
e ffe c ts  of varying the  exp lanato ry  power. The assum ption of
independence of the  tw o d istu rbances is necessary  fo r  id en tifica tion  
of a ll of the  p a ra m ete rs  in Models 3 and 4, but independence is not 
necessary  fo r  Models 1 and 2. For each of the  models, sim ulation 
re su lts  a re  obtained both w ith  and w ithout the  assum ption of 
independence. In the  expecta tions equation, the  m atrix  of exp lanato ry  
variab les consists  of an in te rcep t and two variab les, W and W , so 
th a t  W' = (1, W , W ). The W variab les a re  genera ted  by two 
p rocesses to  es tab lish  a degree of robustness ac ro ss  a lte rn a tiv e  
m ethods. F irs t , W and W a re  assum ed to  be u n co rre la ted  and a re
it  2t
draw n from  uniform  d istrib u tio n s , i.e. W ~ Uniform  (10) and W
it  2t
U niform  (5). Second, i t  is assum ed th a t  W and W a re  co rre la ted
it  2t
and follow  a tre n d -s ta tio n a ry  f i r s t- o rd e r  au to reg ressive  process. In 
both cases, the  vector of p a ram ete rs  fo r  the  expecta tions equation is 
se t a t  a '  = (1.0, 2 .0 , 2.5).
Three ways in which the  d a ta  a re  allowed to  vary  fo r  each model
are:
(i) the  genera tion  of W and W , i.e. a  uniform  d istr ib u tio n  
o r a trend ;
2
(ii) the  value of the  e r ro r  variance, i.e. o* = 1 or 100;
(iii) the  dependence or independence of the  d istu rbance  term s.
The eigh t possible a lte rn a tiv e  experim ents a re  given as Experim ents 
1-8 in Table 4.2.
The Monte Carlo re su lts  a re  based on one thousand rep lica tions.
2
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P aram ete r e s tim a tes  and s tan d a rd  e r ro rs  rep o rted  in the ch ap te r are  
based on the f i r s t  rea lisa tio n  of these  one thousand rep lica tions. A 
sam ple size of th ir ty  observations is used th roughout the  analysis. 
The re su lts  from  using a sim ulated  sample w ith  one hundred 
observations a re  also rep o rted , and these  re su lts  a re  com pared w ith 
those using th ir ty  observations.
D iagnostic te s ts  a re  analysed f  or the  case in which the 
a lte rn a tiv e  hypothesis is tru e . T est s ta t is t ic s  a re  ca lcu la ted  using 
various es tim ation  p rocedures and the  e ffe c ts  of the  d iffe re n t 
procedures on the  conclusions a re  investigated .
4.2.1. M odel 1
y = 8 z + c (4.1)t i t  t
Z = z* + T) = W 'a  + 7) (4.2)t t t t  t
*
w here 5 = 3 . 0 ,  5 = y  = y  = 0 ,  8 = 0 and z is unobserved. The1 2 1 2  t
2 -s te p  procedure f i r s t  e s tim a tes  equation (4.2) using OLS, w ith  the
f i t te d  values from  th is  equation being used in equation (4.1) in
*
place of z^. E stim ating  equation (4.1) by OLS yields a  consisten t and 
e ff ic ie n t p a ram ete r e s tim a te  of 5^, but the  2 -s tep  OLS method yields 
an in co rrec t s ta n d a rd  e r ro r  fo r  the  OLS estim a te  of 5  ^ (see Pagan 
(1984, p.226), McAleer and McKenzie (1989, 1990) and Table 4.1).
However, an IV e s tim a to r  applied to  equation (4.1) using W as the 
in strum en t se t fo r  z^ y ields consisten t s tan d a rd  e rro rs . There a re  no 
gains to  be made in using FIML over IV because the  2 -s te p  m ethod is 
asym ptotically  e ff ic ie n t in th is  case. Table 4.3 re p o rts  the  
p a ram ete r e s tim a tes , the  s ta n d a rd  e rro rs  and the  Type I e rro r  
p robab ilities  using the  in co rrec t 2 -s te p  OLS, C orrec t 2 -s te p  OLS, IV,
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FIML and bootstrap  methods. The form ulae fo r the Correct OLS standard 
e rro rs  fo r Models 1, 2, 3 and 4 are given in Appendix 4. A.
The bootstrap  method is used fo r equation (4.1) using the OLS
~  *
f itted  values from  equation (4.2), i.e. = W'^a, in place of z^,
where a is the OLS estim ator of a from  (4.2). Estim ating (4.1) by OLS
with z replacing z , the residuals u = y -  5 z aret t OLS,t t l.OLS t
resampled one thousand times, with replacement. These resampled 
residuals are  then used together with the f itted  values from  applying 
OLS to (4.1) to yield one thousand new y series. The bootstrap  
standard  e rro r  estim ates are  then based on the one thousand OLS 
estim ates of 5 from  a regression of the new y  ^ on z^. These estim ates 
will be re f  erred  to as OLS-Boot. An alternative method, denoted 
IV-Boot, does not resample the OLS residuals, but ra th e r uses u ^   ^ = 
yt - iv z^, i.e. the IV residuals used fo r estim ating the e rro r 
variance. This might be regarded as more appropriate since the 2-step  
OLS procedure yields an inconsistent estim ate of the standard  erro r, 
whereas IV yields a consistent estim ate of the standard  erro r.
Both of these bootstrap  procedures essentially ignore the
generated reg resso r problem by trea tin g  the generated regressor as 
fixed or, a lternatively , by conditioning on th is variable in the 
s tru c tu ra l equation. In either case, the bootstrap  standard  e rro rs  
can be quite d iffe ren t from  the incorrect OLS standard  e rro rs  due to 
seria l correlation  and heteroscedasticity  in the s tru c tu ra l equation 
arising from  the presence of the generated regressor. However, with 
an increasing sample size, these bootstrap standard  e rro rs  will 
approach the incorrect OLS standard  e rro rs .
An a lternative bootstrap procedure takes account of the 
generated reg resso r problem by bootstrapping both the expectations
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and s tru c tu ra l  equations in a tw o -step  procedure. In the  f i r s t  step ,
one e s tim a tes  the  expecta tions equation (4.2) using OLS. The OLS
residua ls , t) = z -  W 'a  , a re  then  resam pled and these
' t ,  OLS t  t  OLS
resam pled res id u a ls  a re  combined w ith  the OLS f i t te d  values from  
(4.2) to  obtain  a new series. This new z^ se rie s  is then reg ressed
upon W to  obtain  a  new z^ se rie s , which can be regarded  as a
*
rea lisa tio n  draw n from  the  d istr ib u tio n  of z^. The second step  simply 
involves follow ing the  procedure outlined fo r  OLS-Boot fo r  each of 
the  new z^ variab les conditioning on the  o rig inal OLS p a ram ete r 
e s tim a tes  of the  s tru c tu ra l  equation (which a re  known to  be 
consisten t). Due to  com puter lim ita tions, one hundred b o o ts trap s  w ere 
undertaken  fo r  the  expecta tions equation and, fo r  each one of these 
one hundred rep lica tio n s , one hundred fu r th e r  b o o ts trap s  of the 
s tru c tu ra l  equation w ere undertaken . The procedure outlined above 
involves ten  thousand p a ram ete r e s tim a tes  fo r  the  s tru c tu ra l  equation 
alone. This tw o -s te p  b o o ts trap  m ethod will be denoted 2S-Boot.
Table 4.3 p resen ts  the  co effic ien t e s tim a tes  and s tan d a rd  e rro rs  
from  the  f i r s t  rea lisa tio n  of the  one thousand rep lica tio n s  fo r  each 
of the  estim ation  m ethods. Also p resen ted  a re  the  Type I e rro r  
p ro b ab ilitie s  corresponding  to  the  th eo re tic a l five and one per cent 
sign ificance  levels fo r  OLS, C orrec t OLS, IV, and FIML. Due to  
com puter lim ita tions, no Monte C arlo re su lts  a re  p resen ted  fo r  the  
b o o ts trap  procedures. The n inety -five  per cent confidence in te rval 
fo r  th e  th eo re tic a l five per cent level of s ign ificance is (3.6, 
6 .4), while the  n inety -n ine per cent confidence in te rv a l fo r  the 
th eo re tic a l one per cent level of sign ificance is (0 .4 , 1.6). Only
s ligh t d iffe ren ces  a re  observed in the  s ta n d a rd  e r ro r  e s tim a tes  fo r 
C orrec t OLS, IV and FIML. The dow nw ard-b iased  OLS s ta n d a rd  e r ro r  is
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very close to  OLS-Boot, while IV-Boot is very sim ilar to  IV. 2S-Boot 
lies in betw een the  OLS and C orrect OLS s ta n d a rd  e r ro r  es tim ates . The 
e x te n t of und er-estim a tio n  of the  c o rre c t covariance m atrix  by OLS is 
re f le c te d  in the  Monte Carlo re su lts . For exam ple, the  t ru e  null 
hypothesis, 6^ = 3, has a re je c tio n  frequency of alm ost fo r ty - th re e  
pe r cent a t  the  th eo re tic a l five per cent level using the  OLS 
s ta n d a rd  e rro rs . Type I e r ro r  p robab ilities  fo r  the  o ther e stim ation  
p rocedures a re  close to  the th eo re tic a l level of five per cent. 
S im ilar com m ents apply a t the  one per cent level.
Pagan (1984, p.223) ind ica tes th a t, a lthough the  assum ption of 
independent d istu rbances  is not requ ired , i t  makes the proof sim pler. 
Dropping the unnecessary  assum ption of independent e rro rs , the  above 
analysis was rep ea ted  using varying degrees of co llinearity  betw een
the  d istu rbance  te rm s  e and n . The co rre la tio n  betw een the
t t
d istu rbance  te rm s w as genera ted  by se ttin g
*
7) = 7) + x e
t t t
•
in which T)^  is used in place of 7^, and a re  as previously 
defined, and x tak es  on values 0.1 (0.1) 1.00. F igure 4.1 gives an
indication  of how the  re la tionsh ip s  betw een estim ated  s tan d a rd  e r ro rs
change w ith  x ac ro ss  the  es tim ation  procedures. The s tan d a rd  e r ro rs
a re  expressed  in te rm s  of percen tage  d iffe ren ces  from  the  C orrec t OLS 
s ta n d a rd  e rro rs .
Changing the  value of x yields re su lts  th a t  a re  s im ila r to  those 
in Table 4.3 and th is  is re f lec ted  in F igure 4.1. The OLS s ta n d a rd  
e r ro rs  u n d e r-e s tim a te  the  e ff ic ie n t IV, FIML and the  C orrec t OLS 
s ta n d a rd  e rro rs , which a re  qu ite  sim ilar. The C orrec t OLS s ta n d a rd  
e r ro rs  a re  la rg e r  th an  those fo r  IV and FIML. 2S-Boot s ta n d a rd  e r ro rs  
a re  la rg e r  th an  those of OLS and OLS-Boot, although sm alle r th an
185
those o f a ll o th e r procedures. IV -B oo t s tandard  e rro rs  are very 
s im ila r  to  those o f IV. The Monte C arlo  re su lts  fo r  va ry ing  x are 
essen tia lly  the  same as those fo r  x = 0.0.
To inves tiga te  the e ffe c t  o f a change in  the fo rm a tio n  o f the 
W’ s on the na tu re  o f the re su lts , i t  is assumed th a t both W and W
it  2t
fo l lo w  a tre n d -s ta t io n a ry  tim e  series process, denoted as trend . 
S p e c ific a lly , f o r  i = 1,2 and t  = 1 ,2 ,..,T , W is generated as
W = <p W + 0.25 t  + u (4.3)
i t  i i , t - i  i t
in  w h ich  <p = 0 .8 , <p = 0 .6 , u ~ N ID (0 ,0 .5 ) fo r  a ll t ,  and W = 0.
*1 *2  It 10
The s tandard  e rro rs  fro m  using equation (4 .3 ), to g e th e r w ith
equations (4.1) and (4 .2), are s im ila r  to  those in  w h ich  W and Wn i t  2t
fo llo w  a u n ifo rm  d is tr ib u tio n . The c o e ff ic ie n t estim ates, s tandard  
e rro rs  and Type I e r ro r  p ro b a b ilit ie s  fo r  x = 0 .0  are  re p o rte d  in  
Table 4.3.
These re su lts  are not in v a r ia n t to  the e xp la n a to ry  pow er o f the
model. In  these examples, the  exp la n a to ry  pow er o f the s tru c tu ra l
equation is  o f the  o rd e r o f n in e ty - f iv e  to  n in e ty -n in e  per cent, w ith  
2 2o' = o' = 1  and cr = 0 .  Increas ing  the variance o f the  e r ro r  te rm s
C 7) CT)
T)^  and c^ reduces the  exp la n a to ry  power o f the  model to  between
se ve n ty -five  and e ig h t- f iv e  percen t. In a series o f Monte Carlo
experim en ts , H o ffm an  et a l. (1984) found th a t reduc ing  the
e xp la n a to ry  pow er o f th e ir  expecta tions  equation had the  e f fe c t  o f
lead ing  to  an o v e r-re je c tio n  o f the  tru e  n u ll using FIML, the C o rrec t
2 -s te p  OLS method and the in c o rre c t 2 -s tep  OLS method, w ith  the
in c o rre c t 2 -s te p  OLS m ethod show ing the g re a te s t tendency to
o v e r - re je c t a tru e  n u ll hypothesis. The q u a lita t iv e  re su lts  fro m
2 2
E xperim en ts  5 and 7 w ith  <r = cr = 100 and cr = 0  d i f f e r  only
r  C T) CT)
s lig h t ly  fro m  those in  Table 4.3. Monte C arlo  evidence does not
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suggest an increased  tendency to  o v e r-re je c t the  tru e  null
hypothesis, except fo r  FIML and IV a t  the  one per cent level fo r  x = 
0 .0 . Increasing  the  contem poraneous co rre la tio n  betw een the 
d istu rbance  te rm s does not sign ifican tly  a f fe c t  the  above resu lts . 
The finding th a t  the  perfo rm ance of the  a lte rn a tiv e  e s tim a to rs  is not 
appreciab ly  a ffe c te d  by increasing  the  noise in the  expecta tions 
equation is consisten t w ith  the  recen t re su lts  of Hoffman (1991), 
although the  models a re  sligh tly  d iffe re n t and only the  perform ance
of C orrec t OLS and the  double length e s tim a to r of Pagan (1986) are
exam ined in th a t  paper.
The experim ents w ere rep ea ted  fo r  a  sam ple size of one hundred 
observations. All of the  variab les w ere genera ted  assum ing the  same
d is tr ib u tio n and p a ram ete r values as f  or the case w ith  th ir ty
observations. The re su lts  a re  qua lita tive ly very sim ila r to  those
a lready  rep o rted . Table 4.4 gives the  Type I e r ro r  p robab ilitie s  fo r  
each of the  fo u r models fo r  T = 100 when the  W’s a re  genera ted  from  a 
uniform  d istrib u tio n . For Model 1 ac ro ss  a ll experim ents, the  C orrect 
OLS, IV and FIML s ta n d a rd  e r ro rs  a re  very close to  each another. 
2S-Boot continues to  lie in betw een OLS and C orrec t OLS. The 
d iffe ren ce  resu ltin g  from  increasing  the  sam ple size seems to  be 
lim ited  to  the  e x ten t of und er-estim a tio n  of the  s tan d a rd  e rro rs  
using OLS, in th a t  the  p robab ilitie s  of a Type I e r ro r  have now 
increased  to  around f if ty -o n e  and fo rty  per cent com pared w ith 
th eo re tic a l levels of five and one per cent, respectively .
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4 .2 .2 . M odel 2
y = 5 z + X ' ß  + e (4.4)
Jt i t t t
*
z = z + 7) = W 'a  + T) (4.5)
t t t t
w here 5 =  3 .0 , ß = 1.5, 5 =  j  = y  = 0  and X =  W - W + c j ,
1 2 1 2  t l t 2t t
N(0, 2) fo r  a ll t . In th is  exam ple, the  2 -s tep  OLS method yields 
in e ffic ien t e s tim a tes  fo r  5 and ß  unless W’X = 0 o r X € W (neither
l
of which holds, by construction ), and inconsisten t s tan d a rd  e rro rs  
(unless 8 = 0). Table 4.5 gives the  estim ated  co effic ien ts , s tan d a rd
e rro rs  and Type I e r ro r  p robab ilities  fo r  5  ^ and ß.  In th is  case, IV 
r e f e rs  to  the  es tim a tes  of the model given in Pagan (1984, p.229),
namely
y = z 5  + X ' ß  + v
t t l t t
(4.6)
z = W7a  + X 'a  + 7) .
t t t i t
(4.7)
In Table 4.5 the  IV m ethod yields a consisten t e s tim ate  of the  
s ta n d a rd  e rro r  fo r  5^ which is sligh tly  la rg e r  th an , bu t s im ila r in 
m agnitude to , th a t  of C orrec t OLS, although i t  is la rg e r  than  th a t  of 
the  e ff ic ie n t FIML. For 3 , th e  dow nw ard-b iased  2 -s te p  OLS and 
OLS-Boot s ta n d a rd  e r ro rs  a re  sub s tan tia lly  sm aller th an  th a t  of FIML. 
For ß,  s ta n d a rd  e r ro rs  d if fe r  widely acro ss a lte rn a tiv e  techniques. 
OLS and OLS-Boot s ta n d a rd  e r ro r s  a re  s im ila r and a re  only sligh tly  
sm aller th an  th a t  of FIML. The consisten t IV s ta n d a rd  e rro r  is again 
close to , bu t la rg e r  than , th a t  of C orrect OLS. However, these  a re  
considerably  la rg e r  th an  th a t  of FIML. IV-Boot s ta n d a rd  e rro rs , based
A A A
on the  IV resid u a ls  u = y - S  z -  ß X  r a th e r  than  the  OLSiv,t t  i,iv t  iv t
res id u a ls  u = y -  5 z -  ß X , a re  very sim ila r to , but
OLS.t Jt 1,0LS t OLS t
la rg e r  than , those of IV fo r  both ß  and 3^. The procedure fo r  
e s tim a ting  the  2S-Boot s ta n d a rd  e r ro rs  is very sim ila r to  th a t
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a lready  outlined e a rlie r , and these  s tan d ard  e rro r  e s tim a tes  lie in 
betw een those produced by OLS and all of the  o ther procedures. The 
Monte Carlo re su lts  show the ex ten t of o v e r-re je c tio n  by OLS is s till  
m arked, especially  fo r  6 .
The independence of e r ro r  te rm s, assum ed in Table 4.5, is again 
not requ ired  fo r  Model 2. Re-exam ining the model assum ing varying 
degrees of c o rre la tio n  betw een the  d istu rbance  te rm s leaves the 
re su lts  largely  unchanged. F igures 4 .2 .A and 4.2.B plot the  re la tiv e  
s ta n d a rd  e r ro rs  fo r  5  ^ and 0, respectively , fo r  d iffe re n t values of 
t . Although the  d if fe re n t m ethods have a c lea r ranking in F igure 
4 .2 .A, w hat is s tr ik in g  in F igure 4.2.B is th a t  FIML can be alm ost as 
severe as OLS in i ts  b ias in sm all sam ples.
Assuming th a t  the  W’s a re  genera ted  as tre n d  as in equation 
(4.3), sligh tly  d if fe re n t re su lts  hold. OLS s ta n d a rd  e rro rs  fo r  5  ^
a re  s ti l l  dow nw ard-b iased . The s ta n d a rd  e r ro rs  fo r  C orrec t OLS, IV, 
IV-Boot and FIML rem ain  very close, w ith  2S-Boot lying in betw een the 
OLS stan d a rd  e r ro r  e s tim a tes  and those of the  o ther procedures. For 
ß,  the  FIML s ta n d a rd  e r ro r  considerably u n d e r-e s tim a tes  th a t  of 
C orrec t OLS and IV. OLS and OLS-Boot s ta n d a rd  e r ro rs  a re  even la rg e r  
th an  those of FIML, w ith  the  d iffe ren ces  betw een the  FIML and o ther 
s ta n d a rd  e r ro r  e s tim a tes  grow ing w ith  x. The 2S-Boot s ta n d a rd  e rro rs  
a re  sm aller th an  those  fo r  IV, IV-Boot and C orrect OLS, of which the  
IV and IV-Boot s ta n d a rd  e rro rs  a re  very sim ila r, and grow  w ith  x, but 
a re  m arkedly la rg e r  th an  those fo r  C orrect OLS.
Contem poraneous co rre la tio n  betw een the  d istu rbance  te rm s  does 
not a f fe c t  the  q u a lita tiv e  findings noted in F igures 4 .2 .A and 4.2.B 
betw een the  s ta n d a rd  e r ro r  e s tim a tes  fo r  e ith e r the  uniform  o r tre n d  
data .
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For a sam ple size of one hundred, the  re su lts  a re  much more 
consisten t ac ro ss  the  experim ents com pared w ith  a sam ple size of 
th ir ty . The C orrec t OLS stan d a rd  e rro rs  a re  alw ays below those fo r  IV 
fo r  both 8 and ß. For 8 , FIML s ta n d a rd  e rro rs  a re  sm aller than
l  l
those fo r  C orrec t OLS but a re  considerably  la rg e r  th an  those fo r  
in co rrec t OLS. The FIML s ta n d a rd  e rro rs  a re  la rg e r  th an  those fo r  OLS 
by a f a c to r  of betw een two and th re e  and a ha lf, which is re f lec ted  
in the  higher p robab ilitie s  of Type I e r ro r  fo r  both 5  ^ and ß a t  the 
five per cent level (see Table 4.4). For ß, the  FIML s ta n d a rd  e rro rs  
a re  m arkedly sm aller th an  those fo r  IV or C orrec t OLS, but sligh tly  
la rg e r  th an  the  corresponding OLS estim ates. Only OLS and 2S-Boot 
yield sm aller s ta n d a rd  e r ro r  e s tim a tes  than  those of FIML. In th is  
case, the  2S-Boot s tan d a rd  e rro rs  fo r  ß rem ain  uniform ly below those 
fo r  FIML fo r  a ll t .
4 .2 .3 .  M odel 3
y = 5 z + y  (z -  z ) + e
t l t l t t t
z = z + 7) = W 'a  + 7)
t t t t t
in which 8 = 3 .0 , y = 1.5, 8 = y
1 1 2 2
(4.8)
(4.9)
0 and ß = 0. In th is  case, OLS
yields the  c o rre c t s ta n d a rd  e r ro r  fo r  y , but is dow nw ard-b iased  fo r
5 . Pagan’s (1984) IV procedure yields the  c o rre c t s ta n d a rd  e r ro r  fo r
5  ^ bu t an in co rrec t one fo r  y . The p a ram ete r y^ cannot be estim ated
using the  sim ple IV procedure suggested  in Pagan (1984). However,
P esa ran  (1987, p. 171) shows th a t  the  IV e stim a te  of the  c u rre n t
unan tic ipa ted  te rm  is the  same as the  2 -s tep  OLS estim a te  of th is
Ä 2 2
te rm , and th a t  Var(y ) = (1/T)(<r /<r ), w here T is the  num ber of
1,IV C 7)
sam ple observations. The asym ptotic  variance of 8  ^ ^  is given as
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Var(5 ) = (1/T) [o'2 + (5 -  y)2cr2 ] ( z ' W(W'W ) ~ V  z). i,iv e 7)
Table 4.6 re p o rts  the  p a ram ete r e s tim ates  and s tan d a rd  e rro rs
fo r  Model 3. There is l i t t le  to  be gained using FIML (see Appendix 
4 .A fo r  a  descrip tion  of ca lcu la ting  FIML estim ates) re la tiv e  to  OLS 
or C orrec t OLS (which is equivalent to  OLS) fo r  y , and to  IV or
C orrec t OLS (which is equivalent to  IV) fo r  5 . In fa c t , the  FIML
sta n d a rd  e r ro rs  fo r  <5^ a re  too sm all, leading to  a sligh t
o v e r-re je c tio n  of the  tru e  null hypothesis. OLS-Boot s ta n d a rd  e rro rs  
a re  close to  those of OLS fo r  5  ^ and y  . For 5 , the  degree of 
o v e r-re je c tio n  by OLS is less than  those observed in previous models. 
For y  , OLS yields consisten t e s tim a tes  of the  s ta n d a rd  e rro rs . The 
p a tte rn  of re la tiv e ly  sm all 2S-Boot s ta n d a rd  e rro rs  is broken in th is  
model, w ith  the  s ta n d a rd  e rro rs  fo r  both 5  ^ and y^ being considerably  
la rg e r  th an  those fo r  o ther procedures. The re su lts  from  using the 
tre n d  s ta tio n a ry  W’s a re  qua lita tive ly  very sim ila r to  those rep o rted  
in Table 4.6.
In th is  model the  p a ram ete r y  is iden tified  if  and only if  the  
d istu rb an ces  a re  m utually  independent. The e ffe c t of vio lating th is  
assum ption w ith  increasing  am ounts of contem poraneous c o rre la tio n  is 
investiga ted  in Table 4.7 and in F igure 4.3 fo r  5  ^ fo r  the  case of 
un iform  W. It is c le a r  from  Figure 4.3 th a t  OLS and OLS-Boot a re  
su b s tan tia lly  dow nw ard-b iased  w hereas IV, IV-Boot and FIML a re  not. 
The d if fe re n t p rocedures provide s ta n d a rd  e r ro r  e s tim a tes  th a t  a re  
very s im ila r fo r  y .
What is in te re s tin g  to  em erge from  Table 4.7 is th a t  the  te s t  
s ta t is t ic  fo r  <5^ rem ains largely  unchanged th roughout fo r  the  FIML, 
IV and C orrec t OLS procedures. However, the  2S-Boot s ta n d a rd  e rro r  
increases  su b s tan tia lly  w ith  t . Consequently, F igure 4.3 excludes the
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2S-Boot results. This result is consistent with the findings of Abel
and Mishkin (1983) who showed that the standard errors are unaffected
by contemporaneous correlation of the disturbance terms in the
absence of lagged dependent variables. In addition, Hoffman et  al.
(1984) found that there was no evidence of increased over-rejection
of a true null hypothesis for correlation values p(T),e) = 0.3, 0.7
(see their experiments 7 and 8). OLS and OLS-Boot techniques show a
slight downward trend in the standard errors, and hence an upward
trend in the probabilities of a Type I error. The probability of a
Type I error for y increases across all estimation procedures with
larger values of t. This result occurs because y is not identified,
2and its estimate is some combination of y and cr . In fact, y has an
1 c 1
upward trend with increasing contemporaneous correlation, and a
decreasing standard error across all estimation procedures. Such a
combination makes the rejection frequency of the null hypothesis
approach one hundred per cent for x = 1.0.
Increasing the variance of and (Experiments 5 and 6)
yields qualitatively the same results as those reported above. The
magnitudes of the coefficients and standard errors change, but the
relationships between the results for different estimation methods
are essentially the same. This also holds when <r * 0.
£T)
The results do not change when the sample size is increased to 
one hundred observations. The incorrect OLS standard error for 8
l
under-estimates the FIML, Correct OLS and IV estimates and the 
probability of a Type I error for 6^  is 28.5 (see Table 4.4), which 
is only marginally larger than that for thirty observations. There is 
no longer any evidence of the over-rejection of 6^  by FIML which was, 
almost certainly, a small sample result. For 5 , the over-estimation
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of the s ta n d a rd  e rro r  by 2S-Boot is sm aller fo r  th is  increased  sample
size. For y  , 2S-Boot continues to  o v er-estim a te  the  s tan d a rd  e rro r  
l
estim ate , com pared w ith FIML, by a fa c to r  of around two.
4 .2 .4 . Model 4
5 z + <5 z + r  (z -  z ) + y (z
i t  2 t - i  i t  t 2 t-i
z ) + c
t - i  t
(4.10)
z = z + 7) = W 'a  + 7) (4.11)
t t t t t
in which 5 = 3.0 , 5 = 0.5, y  = 2.5, y  = 1.0 and ß = 0. In th is
1 2 1 2
model the  expecta tions equation (4.11) is estim ated  using the  fu ll 
se t of T observations, while the  s tru c tu ra l  equation (4.10), which 
con tains a lagged expecta tions variab le  and a lagged expecta tions 
e r ro r ,  is e s tim a ted  using T -l observations. The 2 -s te p  OLS procedure 
yields e ff ic ie n t e s tim a tes  of both y  and y  and consisten t s tan d a rd  
e r ro r s  (see Table 4.1), but in effic ien t e s tim a tes  and inconsisten t 
s ta n d a rd  e r ro r s  of both 5  ^ and 5^. Equation (4.10) w ill not be 
es tim ated  by an IV procedure due to  the  presence of a f ir s t- o rd e r
moving average d istu rbance  term  th a t  will appear upon rep lacing  (z^ -
*  *
z^) and (z^  ^ - z t  ^  by (z^ - z^) and (z^  ^ - z^ J ,  respectively ,
and the  assoc ia ted  d ifficu lty  in finding valid in strum en ts.
For th is  model, th e re  a re  tw o ways of ca lcu la ting  the  C orrec t
OLS s ta n d a rd  e rro rs , and these  w ill be denoted as C orrect(S ) and
C orrect(D ), respectively . C orrect(S ) denotes "Same" to  re f le c t  the  
f a c t  th a t , while the  expecta tions equation has an e x tra  observation  
f  o r estim ation , th is  inf orm ation  is ignored in ca lcu la ting  the
covariance m a tr ix  of the  s tru c tu ra l  equation. Correct(D ) denotes 
"D ifferen t" and involves ca lcu la ting  the  C orrect OLS s ta n d a rd  e r ro rs  
using the  T observations availab le f  rom  the  expecta tions equation
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to g e th e r w ith the T -l observations from  the s tru c tu ra l  equation to 
ca lcu la te  the  covariance m atrix  of the  s tru c tu ra l  equation. (The 
fo rm ulae to  ca lcu la te  C orrect(S ) and Correct(D ) a re  p resen ted  in 
Appendix 4 .A.) The C orrec t OLS s tan d a rd  e rro rs  a re  la rg e r  th an  the 
OLS s ta n d a rd  e r ro rs  using the  conventional form ula (see Pagan (1984, 
p.234)). Correct(D ) s ta n d a rd  e rro rs  use the e x tra  observation  from  
the expecta tions equation and a re  necessarily  sm aller than  the 
C orrect(S ) s ta n d a rd  e r ro rs  (see McKenzie and McAleer (1990)).
The re su lts  in Table 4.8 ind icate  th a t  the  gains from  using the 
e x tra  observation  fo r  the  Correct(D ) method a re  only sm all, being of 
the  o rd er of (0.7, 1.0, 0 .2 , 0.1) per cent com pared w ith  the  3.3 per 
cent additional inf orm ation  associa ted  w ith  the observation  being 
added to  the  ex is ting  tw en ty -n ine. This is consisten t w ith  the Monte 
Carlo re su lts  which ind icate  l i t t le  d iffe ren ce  in the  Type I e rro r  
p robab ilities . The asym ptotically  e ff ic ie n t FIML s ta n d a rd  e r ro rs  a re  
less than  the  C orrect(S ) s tan d a rd  e rro rs  fo r  y  and y^, as expected, 
but th e re  is evidence of o v e r-re je c tio n  by FIML acro ss  all 
p a ram ete rs . D ow nw ard-biased OLS stan d a rd  e rro rs  a re  sm aller than  
th e ir  FIML c o u n te rp a rts  fo r  5  ^ and 5^, leading to  overly high Type I 
e r ro r  p robab ilities . However, the  Type I e r ro r  p robab ilitie s  a re  
com paratively  sm all com pared w ith  those observed in the  o ther models. 
The 2S-Boot s ta n d a rd  e r ro rs  in th is  model a re  again  large  com pared 
w ith  those produced by o ther procedures fo r  a ll p a ra m ete rs  except y . 
R esults fo r  tre n d  s ta tio n a ry  W’s a re  qualita tive ly  s im ila r to  those 
rep o rted  in Table 4.8.
Id en tifica tion  req u ires  th a t  th e re  be no contem poraneous
c o rre la tio n  betw een the  d istu rbance  term s. The e ffe c ts  of having 
increasing  contem poraneous co rre la tio n  while m ain tain ing  the
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(inco rrec t) assum ption of no co rre la tio n  a re  now examined. What 
becomes c lea r, in a s im ilar m anner to  th a t  of Model 3, is the
increase  in the  e s tim a te  of y^ (the uniden tified  p a ram ete r if  cr * 
0) fo r  la rg e r  values of x, combined w ith  sm aller s tan d a rd  e rro r  
e s tim a tes , w ith  the  p robab ility  of a Type I e r ro r  approaching one
hundred per cent fo r  x = 1.0. Increased  contem poraneous co rre la tio n  
does not lead to  an excessive tendency to  o v e r- re je c t  the  tru e  null 
hypothesis fo r  the  o ther th re e  p a ram ete rs . The plot of the  re la tiv e  
s ta n d a rd  e r ro rs  w ith  varying x is given in F igure 4.4 fo r  the
p a ra m e te r  5 , w ith  the  p lo ts being broadly sim ilar fo r  8^y y^ and y^. 
The s tr ik in g  fe a tu re  is the  increase  in the  FIML s ta n d a rd  e r ro rs  w ith  
increasing  x, especially  x > 0.6, resu ltin g  in very low Type I e rro r
p ro b ab ilitie s  fo r  a ll of the  p a ram ete rs  except y . The 2S-Boot
s ta n d a rd  e r ro rs  a re  excluded from  the  fig u re  since they a re
excessively large . For th is  model, th e re  a re  again  no changes in 
assum ing contem poraneous c o rre la tio n  when the  W’s a re  genera ted  as a 
trend .
The e ffe c t  of reducing the  exp lanato ry  power of the  model has 
l i t t le  e ffe c t on the  n a tu re  of the  re su lts , reg a rd le ss  of how the  W’s
a re  genera ted . The exception to  th is  is the  increased  tendency fo r
FIML to  o v e r- re je c t  a tru e  null hypothesis ac ro ss  a ll p a ram ete r 
values com pared w ith  the  ‘o ther estim ation  procedures. The e ffe c t  of 
the  d istu rb an ces  being c o rre la ted  yields re su lts  iden tica l in n a tu re  
to  those rep o rted  above.
For Model 4, increasing  the  sam ple size shows the  expected
re la tio n sh ip  betw een the  s ta n d a rd  e rro rs  (see Table 4.4). With no
lagged dependent variab les in the  expecta tions equation, OLS yields
consis ten t and e ff ic ie n t e s tim a tes  of y  and y  bu t inconsisten t
1 2
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estim ates of 5 and 5 . The OLS standard  e rro rs  fo r y and y are 
1 2  1 2
equal to the Correct OLS standard  e rro rs  and these are  very sim ilar 
to those fo r FIML, which no longer has a tendency to o ver-re jec t the 
tru e  null hypothesis. For 5  ^ and 6 ,^ the OLS standard  e rro rs  are
sm aller than those fo r FIML, although the probability of a Type I 
e rro r  is sim ilar to the case with th irty  observations. The 2S-Boot 
standard  e rro rs  remain considerably larger than those produced by the 
other procedures.
4.3. C orrect  OLS S ta n d a rd  E rrors  w i t h  D i f f e r e n t  N u m b ers  o f
O b s e r v a t io n s
The Correct(D) standard  e rro rs  are  always sm aller than the
Correct(S) standard  erro rs , even though both are  correct. Therefore,
d ifferen t conclusions could be reached from  using two d ifferen t sets 
of estim ates. In th is section, Model 4 is used to  establish the 
ex ten t to which the standard  e rro r estim ates can vary from  using 
d iffe ren t numbers of observations in the expectations and the
s tru c tu ra l equations. Specifically, the expectations equation is 
estim ated over the full set of 30 observations while the s tru c tu ra l 
equation is estim ated over two subsets of observations, namely the 
la st 28 and 20 observations. The effec t of using Correct(D) as 
compared with Correct(S) involves d = 2 and 10 e x tra  observations in 
calculating the covariance m atrix  of the s tru c tu ra l equation. The 
table below illu s tra te s  the number of observations used to calculate 
the param eter estim ates and standard  erro rs , given T observations fo r 
the expectations equation and T-d fo r the s tru c tu ra l equation.
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P a r a m e te r S ta n d a r d  E r r o r  E s t im a te s
E s t  i m a te s f o r  S t r u c t u r a l  E q u a t io n
E x p e c ta t io n s T T -  d
C o r r e c t ! S ) E q u a tio n
S t r u c t u r a l nr h 'T  A
E q u a tio n i  a I a
E x p e c ta t io n s T T
E q u a tio n
C o rre c t(D ) S t  r u c tu r a l T -  d T -  d
E q u a tio n
Table 4.9 p resen ts , fo r  d = 2 and 10, the s ta n d a rd  e r ro rs  fo r
the  p a ra m ete r  e s tim a tes  and the Type I e r ro r  p robab ilities  using the
2 2tw o m ethods. The tab le  is fo r  <7^  = <r^  = 1 w ith no contem poraneous
co rre la tio n  and w ith  the W’s genera ted  from  a uniform  d istr ib u tio n
and a tre n d  se rie s , respectively . The re su lts  do not change
2
s ign ifican tly  when <r = 100 (Experim ents 5 and 7). With a higher
value of d, the  d iffe ren ces  betw een the  Correct(D ) and the C orrect(S )
s ta n d a rd  e r ro r s  increase. However, a t  d = 10 the  e ffe c ts  of losing
even th ir ty - th re e  per cent of the observations in ca lcu la ting  the
covariance m a tr ix  has only sm all e ffe c ts  on the  d iffe ren ces  betw een
the  C orrect(D ) and the  C orrect(S ) s tan d a rd  e rro rs . The d iffe ren ces
betw een the  tw o se ts  of e s tim a tes  a re  (7.2, 6.8, 0 .0 , 0.1) per cent
and (1.6, 1.5, 1.4, 0 .0 ) per cent fo r  the  uniform  d istr ib u tio n  and
tre n d  se rie s , respectively . The gain in efficiency  from  using the
e x tra  observations lead to  excessively sm all s ta n d a rd  e r ro rs  fo r
C orrect(D ), w ith  evidence of o v e r-re je c tio n  fo r  5  ^ and 5 ^
The e ffe c t  of losing th ir ty  per cent of the  observations, even
when the  sam ple size is one hundred, is s ti l l  only very sm all. The
d iffe ren ces  betw een the  Correct(D ) and C orrect(S ) s ta n d a rd  e r ro r s  a re
2 2(5, 5, 0, 0) per cent fo r  a un iform  d istr ib u tio n  w ith  <r  ^ = <r  ^ = 1.
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The Type I e r ro r  p ro b a b ilit ie s  associated w ith  C orrec t(D ) and
C orrec t!S ) are  s t i l l  ve ry  close bu t now suggest th a t the C orrec t!S ) 
estim ates are perhaps too la rge , leading to  u n d e r-re je c tio n  o f a tru e  
n u ll hypothesis.
These re su lts  are somewhat s u rp ris in g . In  using B a rro ’ s New
C lassica l model o f money g ro w th  and unemployment, Chapter Five (Sm ith  
and M cAleer (1990a)) found e m p ir ica l d iffe re n ce s  o f up to  fo r t y  per 
cent between the C orrec t(D ) and C orrect(S ) s tandard  e r ro r  estim ates 
fo r  the  tw o -e q u a tio n  system. However, th e re  is evidence th a t the 
spec ified  money g ro w th  equation has hete roscedastic  e rro rs . In 
ad d itio n , th e re  is  also the question o f the  s ta b il i ty  o f the  model 
over the e a rly  p a r t  o f the 1940’ s. The money g ro w th  (o r expecta tions) 
equation is  es tim ated  fro m  1943 w h ile  the unem ploym ent (o r
s tru c tu ra l)  equation is estim a ted  fro m  1946. To correspond to  the
d iffe re n c e  in  the number o f observations between the expecta tions  and 
s tru c tu ra l equations used in  th e ir  ana lys is , the  re s u lts  presented 
here a re  also fo r  d = 3.
A num ber o f experim ents  a re  considered to  inves tiga te  the 
e ffe c ts  o f m issp e c ifica tio n  o f the  expecta tions equation on the 
d iffe re n c e s  between the  C orrec t(D ) and the C orrec t(S ) s tandard  e r ro r
estim ates. The experim ents  a llo w  fo r  s tru c tu ra l in s ta b il ity ,
h e te ro sce d a s tic ity  and model m issp e c ifica tio n  in  the  expecta tions 
equation. Consider the  expecta tions  equation, w h ich  is  re w r it te n  as
z = a + a W + a W  +
t  0 1 I t  2 2t t
( t  = 1, 2, 3) (4.12)
z = 1 + 2 W + 2 . 5 W  +7)
t  I t  2t t
( t  = 4, . . . .  T ) (4.13)
2
in  w h ich  er = 1 f o r  a ll t .  The p o in t chosen fo r  the  break in  the 
equation occurs a f te r  on ly th re e  observations to  co inc ide w ith  the
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d iffe ren ce  in the  num ber of observations used in ca lcu la ting  the 
C orrect(S ) and Correct(D ) covariance m atrices. It is w orth  noting 
th a t  a choice fo r  the  s tru c tu ra l  b reak  a t  a point such as t  = 10 
leads to  s im ila r re su lts  to  those p resen ted  here. The fu r th e r  from  t 
= 3 is the  break , the  m ore sim ila r a re  C orrect(S ) and C orrect(D ). The 
experim ents considered a re  p resen ted  as Experim ents 9-12 in Table 
4.2.
The re su lts  fo r  the  s ta n d a rd  e r ro r  e s tim a tes  and Type I e rro r
p ro b ab ilitie s  fo r  E xperim ents 9 and 12 a re  rep o rted  in Table 4.10. 
Most of the  experim ents have only a sm all e ffe c t in te rm s of 
producing d iffe re n t s ta n d a rd  e r ro r  e s tim a tes  fo r  Correct(D ) and 
C orrect(S ). While confirm ing sm all d iffe ren ces  in the  Correct(D ) and 
C orrect(S ) s ta n d a rd  e rro rs , they also shine some ligh t on the  e ffe c ts  
of m isspecifica tion  of the  expecta tions equation on the  p a ra m ete rs  of 
the  s tru c tu ra l  equation. H etero scedastic ity  (Experim ent 11) as well 
as s tru c tu ra l  in s tab ility  and om itted  variab les have su b s tan tia l 
e ffe c ts  on the  Type I e r ro r  p robab ilities . Type I e r ro r  p robab ilities  
a re  excessively high fo r  OLS fo r  a ll fo u r p a ram ete rs  in the  case of 
in s tab ility  and h e te ro sced as tic ity  (Experim ent 9), w ith  Correct(D ) 
and C orrect(S ) being alm ost as bad, especially  fo r  y  and y^. FIML 
also has excessively high Type I e r ro r  p robab ilities  fo r  y ^  but 
excessively low fo r  5 , 8^ and y . Om itting a re levan t variab le
(Experim ent 12) leads to  Type I e r ro r  p robab ilities  in excess of
fo rty -tw o  per cent fo r  OLS fo r  y^ and y ^  and to  a  su rp rising ly  high 
fo rty -tw o  per cent fo r  both Correct(D ) and C orrect(S ) corresponding 
to  the  c u rre n t and lagged residua l variab les. FIML is s a tis f  ac to ry  
fo r  5^ and 8^, bu t i ts  Type I e r ro r  p robab ilities  a re  excessively
high fo r  y^ and y .
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4 .4 . D ia g n o s t ic  T e s ts
Two diagnostic  te s ts  a re  ca lcu la ted  fo r  each of the  fou r
s tru c tu ra l  models p resen ted , a te s t  fo r  f i r s t - o rd e r  se ria l
c o rre la tio n  and Ram sey’s (1969, 1974) RESET(2) te s t  fo r  model
m isspecifica tion . Both te s ts  a re  variab le  addition te s ts  and can, 
th e re fo re , be te s te d  easily  w ith in  the  ex isting  linear reg ression  
fram ew ork . The se ria l co rre la tio n  te s t  involves adding the  one-period 
lagged 2 -s te p  OLS residua l from  the  null s tru c tu ra l  model (or u^ ) 
to  the  s tru c tu ra l  equation and te s tin g  fo r  i ts  sign ificance. The 
RESET(2) te s t  adds the  squared  f i t te d  values from  the  null model (or 
y ) to  the  s tru c tu ra l  equation and te s ts  fo r  its  sign ificance. In 
both cases, Type I e r ro r  p robab ilities  and pow ers a re  presen ted .
4.4.1 RE SET(2)
For each model the  Type I e r ro r  p robab ilities  a re  ca lcu la ted
under the  null hypothesis of no m isspecification . The re su lts  in
Table 4.11 a re  fo r  a uniform  d istr ib u tio n  w ith  no contem poraneous 
2 2c o rre la tio n  and <r = <r = 1  (Experim ent 1). The re su lts  show the
C l )
ex trem ely  poor perfo rm ance of OLS, w ith  the p robab ility  of Type I
e r ro r  being in excess of fo r ty -f iv e  per cent fo r  T = 30 and 
fo rty -n in e  per cent fo r  T =. 100 as com pared w ith  the  th eo re tic a l five 
per cen t level. The perfo rm ance of OLS is not consis ten t acro ss 
models; fo r  Model 4 the  Type I e r ro r  p robab ility  is less than  seven 
per cent fo r  T = 30 and is acceptab le  fo r  T = 100. In addition, IV
and FIML have a s ligh t tendency to  o v e r- re je c t in Models 1 and 2,
although much less so th an  OLS. Only C orrect(S ) and Correct(D ), which 
a re  iden tica l to  one decim al place, pe rfo rm  re la tiv e ly  well in all
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cases.
The em pirical pow ers a re  ca lcu la ted  under the  a lte rn a tiv e  
hypothesis of model m isspecification , in p a rtic u la r , the 
m isspecifica tion  a ris in g  from  a variab le  om itted  from  the s tru c tu ra l  
equation. The om itted  variab le , is taken  to  be p roportiona l to
the  squared  f i t te d  value of the  s tru c tu ra l  equation of the  model, 
i.e. y . The co effic ien t on the om itted  variab le  is se t a t 0 .8  in
Models 1 and 2, and 0.5 and 0 .3  in Models 3 and 4, respectively . The 
pow ers a re  p resen ted  fo r  each of the  estim ation  procedures. The power 
fo r  OLS is m isleading, since OLS re je c ts  a tru e  null hypothesis too 
frequen tly , namely up to  fo rty -f iv e  per cent or more. Across all 
models, FIML has the  h ighest power; however, th is  is an o v er-estim a te  
of i ts  tru e  pow er fo r  Models 1 and 2, given a s ligh t tendency to  
o v e r- re je c t  the  tru e  null hypothesis. Comparing C orrec t OLS and IV, 
the  fo rm er tends to  perfo rm  b e tte r , in general.
R esults a re  also  rep o rted  fo r  a  sam ple size of one hundred 
observations. The o v e r-re je c tio n  of the  null hypothesis by IV and
FIML is c learly  a  sm all sam ple re su lt. However, in Model 3, IV 
r e je c ts  the  tru e  null hypothesis up to  th ir te e n  per cen t of the  tim e. 
The pow ers increase  uniform ly acro ss a ll models and estim ation
procedures to  yield ex trem ely  high re je c tio n s  of a fa lse  null
hypothesis.
4.4 .2 . S e r ia l  C o r r e la t io n  T est
The Type I e r ro r  p robab ilitie s  a re  again  ca lcu la ted  under the
null hypothesis of no se ria l co rre la tio n . R esults in Table 4.12 a re
2
fo r  a  uniform  d is tr ib u tio n  w ith  no contem poraneous c o rre la tio n  and <r
1 (E xperim ent 1). OLS now perfo rm s uniform ly well ac ro ss  all
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models, even when T = 30. However, FIML tends to o v e r- re je c t sligh tly  
and C orrec t OLS tends to  u n d e r-re je c t, especially  fo r  T = 30. 
(Appendix 4.B provides a proof as to  why the OLS s tan d a rd  e r ro r  fo r  
the  te s t  of se ria l co rre la tio n  in a model w ith  genera ted  reg re sso rs  
is c o rre c t in the absence of a  lagged dependent variab le  in the 
expecta tions equation .) The pow er re su lts  show the  s tro n g  perform ance 
of FIML com pared w ith  the  o ther procedures, w ith  OLS generally  
o u t-p e rfo rm in g  C orrec t OLS fo r  T = 30. This perform ance is sligh tly  
o v e r-s ta te d  due to  the  tendency of OLS to  o v e r- re je c t a tru e  null 
hypothesis. R esults fo r  an increased  sam ple size of T = 100 make it 
c le a r  th a t  the  solid perfo rm ance of FIML and OLS over C orrect OLS fo r  
T = 30 can, in p a r t , be a ttr ib u te d  to  the  sm all sam ple size. The 
pow er re su lts  yield a  re je c tio n  of the  fa lse  null of one hundred per 
cent fo r  a ll es tim ation  procedures acro ss  all models.
4.5. C o n c lu d in g  R e m ar k s
From the  fo u r models p resen ted , a p a tte rn  em erges in the  
s ta n d a rd  e rro rs . OLS and OLS-Boot s tan d a rd  e rro rs  a re  alw ays very 
close and a re , on a ll bu t the  residua l variab les, sm aller than  those 
produced by o th er procedures. 2S-Boot procedure u n d e r-e s tim a tes  the  
s ta n d a rd  e r ro rs  com pared w ith  those of the  o th er procedures f  or 
Models 1 and 2, but o v e r-e s tim a tes  the  s tan d a rd  e r ro rs  fo r  Models 3 
and 4. IV s ta n d a rd  e r ro r s  a re  la rg e r  than  the  in co rrec t OLS stan d a rd  
e r ro r s  ac ro ss  a ll exam ples. In addition, the  C orrec t OLS s tan d a rd  
e r ro r s  a re  a lm ost alw ays la rg e r  th an  those of FIML. C orrect OLS and 
IV s ta n d a rd  e r ro rs  a re  s im ila r, although th e re  is not a uniform  
re la tio n sh ip  betw een the  m agnitudes of these  s ta n d a rd  e rro rs . The 
exception to  th is  is fo r  ß  in Model 2, w here the  IV s ta n d a rd  e r ro r  is
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alw ays la rg e r  than  th a t  fo r  the  C orrect OLS method.
Many of the re su lts  did not change when the sam ple size was 
increased  from  th ir ty  to  one hundred observations. The m ajor e ffe c t 
in a ll fo u r models w as the  increased  d iffe ren ce  betw een the 
dow nw ard-b iased  OLS stan d a rd  e r ro rs  and those fo r  FIML, C orrec t OLS 
and IV, as re f le c te d  in higher Type I e r ro r  p robab ilities . The 
re la tionsh ip s  betw een the  s ta n d a rd  e r ro r  e s tim a tes  w ere more 
consisten t w ith in  each model acro ss  all experim ents. In addition, the 
expected s im ila rity  betw een the OLS and FIML s ta n d a rd  e r ro r  e s tim a tes  
corresponding to  the  residua l variab les in Models 3 and 4 was 
observed to  a  much g re a te r  e x ten t in the  la rg e r  sam ple size due to 
the  tendency fo r  FIML to  o v e r- re je c t  in sm all sam ples.
In Model 4, the  s ta n d a rd  e r ro rs  obtained using the  additional 
observations fo r  the  expecta tions equation a re  (necessarily) more 
e ff ic ie n t th an  those using the sam e num ber of observations fo r  the  
expecta tions and s tru c tu ra l  equations. However, the  gain in
effic iency  is sm all, w ith  the Correct(D ) s tan d a rd  e r ro rs  tending to  
o v e r- re je c t  as com pared w ith  C orrect(S ) s tan d a rd  e rro rs . In Section 
4.3 i t  w as shown th a t  these  large  d iffe ren ces  in the  c o rre c t s tan d a rd  
e r ro r  e s tim a tes  cannot rea lly  be explained in te rm s of the
m isspecifica tion  of th e  expecta tions equation. However, these  re su lts  
give some ind ication  of the  e ffe c ts  of m isspecifica tion  of the  
expecta tions equation  on the  s tru c tu ra l  equation. In p a rtic u la r , the  
p resence of s tru c tu ra l  in stab ility  o r an om itted  variab le  w ere shown 
to  have su b s ta n tia l e ffe c ts  on the  outcom es of te s ts  of the  
co effic ien ts  corresponding  to  the  res id u a l variab les.
For the  RESET(2) te s t ,  OLS consisten tly  o v e r- re je c ts  the  tru e  
null hypothesis ac ro ss  a ll models to  a su b s tan tia l degree. The same
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is not tru e  fo r  the  se ria l co rre la tio n  te s t . FIML also tends to
o v e r- re je c t the  null hypothesis in sm all sam ples, w ith  C orrec t OLS 
occasionally u n d e r-re je c tin g . The power perfo rm ances of these  te s ts  
place FIML above both IV and C orrec t OLS, w ith  C orrec t OLS invariably  
ou t-p e rfo rm in g  IV. With an increased  sam ple size, the  o v e r-re je c tio n  
of FIML and the  u n d e r-re je c tio n  of C orrect OLS is p a rtly  resolved, 
w ith  power also increasing  w ith  sam ple size.
In sum m ary, the  C orrec t OLS procedure generally  perfo rm s very 
well as com pared w ith  the  o ther estim ation  procedures. FIML tends to  
dom inate w ith  increasing  observations but, in sm all sam ples, FIML 
o ften  exh ib its  a dow nw ard b ias in the  s tan d a rd  e r ro r  e s tim a tes . In 
th is  sense, C orrec t OLS would appear to  be the  m ost re liab le  
es tim ation  method.
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Table 4.1
Summary of Properties of 2-step OLS Estimators for Various Models
Model Consistency 
of 2-step 
Estimators
Efficiency 
of 2-step 
Estimators
Exceptions Consistency 
of 2-step 
Standard Errors
Exceptions
1 yes yes —  OLS: no
IV: yes
Test 5 = 0l
2 yes no X e W; OLS: no
X'W = 0 IV: yes
Test 5 = 0l
3 yes yes
A
—  OLS: no for 5l
OLS: yes for y 
IV(P): no for r
Set 5 = 0 ;l '
Test 5 = rl l
Set y = 0;
Test 5 = 7
IV(P): yes for 5i 
GIV: yes for <51
GIV: yes for 7
4 yes only y also y2 OLS: only SE(71) also SE(7^)
if w  is if W is
exogenous exogenous;
Test 5 =7 1 1
and 5 =7 2 2
Note: IV(P) refers to the IV procedure in Pagan (1984) which uses 
only W as instruments, whereas GIV is a generalised IV 
procedure which uses additional instruments. Models 1-4 
correspond to Models 1, 2, 4 and 5, respectively, in Pagan 
(1984) .
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Table 4.2
List of Experiments ( oc = 1, o^  = 2, = 2.5)
(1) Uniform Distribution, cr2 = cr2 = 1 and cr =e 77 C 7) 0
(2) Uniform Distribution, 2 2cr = cr = 1  and cr *c 77 C77 0
(3) Trend, a 2 = cr2 = 1 and cr = 0' C 7} C T)
(4) Trend, cr2 = cr2 = 1 and cr * 0' e 7) C 7]
(5) Uniform Distribution, cr2 = cr2 = 100 and cr c 77 e 77 = 0
(6) Uniform Distribution, cr2 = cr2 = 100 and cr e 77 e 77 * 0
(7) Trend, cr2 = cr2 = 100 ' e 7) and cr = 0CT7
(3) Trend, cr2 = cr2 = 100 ' e 77 and cr * 0c 77
(9) a* = 11, cc* = 4, a* = 5.5 and cr2* = 35V ' 0 1 ' 2 7)
(instability/heteroscedasticity)
(10) •a 0 = 11, oc* = 4
* 2, oc =5.5 and cr * = 1 
' 2  77 (instability)
(11)
•a 0 — 1, oc ^ — 2 , oc* = 2.5 and cr2 * = 36 2 7? (heteroscedasticity)
(12) •a 0 = 1, oc ^ — 2,
* 2oc =2.5 and cr * = 1 2 77
(omitted variable misspecification)
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Table 4.3
Parameter Estimates, Standard Errors and Type I Errors for Model 1:
Experiments 1 and 3, T = 30
U n i f o r m Tre n d
M e t h o d 5 SEl 5 SEl
OLS 3.0485 .0135 3.0247 .0125
C orrect OLS 3.0485 .0331 3.0247 .0262
IV 3.0485 .0318 3.0247 .0250
FIML 3.0485 .0314 3.0253 .0249
O L S - B o o t 3.0557 .0132 3.0420 .0119
IV-Boot 3.0569 .0316 3.0420 .0246
2S-Boot 3.0607 .0187 3.0607 .0187
M e t h o d 5% 1% 5% 1%
OLS 42.9 31.7 51.3 36.6
Cor r e c t  OLS 5.0 1.1 2.2 0.5
IV 5.6 1.5 6.2 1.1
FIML 5.9 1.4 6.6 1.1
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Table 4.4
Type I Errors for Models 1, 2, 3 and 4: 
Experiment 1 (Uniform), T - 100
Model 1 5l
Method 5% 1%
OLS 51.3 40.1
Correct OLS 5.6 1.8
IV 5.1 1.2
FIML 5.1 1.2
Model 2 a
l
(3
Method 5% 1% 5% 1%
OLS 46.1 35.1 45.3 31.9
Correct OLS 5.1 1.7 4.3 0.9
IV 5.1 1.2 6.4 1.4
FIML 4.5 0.8 4.7 1.0
Model 3 5 7l l
Method 5% 1% 5% 1%
OLS 28.5 15.4 5.4 1.8
Correct OLS 4.6 0.7 5.4 1.8
IV 4.6 0.7 5.4 1.4
FIML 4.9 2.2 5.7 1.0
Model 4 5l <52 y,
Method 5% 1% 5% 1% 5% 1% 5% 1%
OLS 12.9 3.3 12.7 4.0 4.8 0.6 5.5 1.5
Correct(S) 5.4 0.9 6.1 1.5 4.7 0.6 5.5 1.4
Correct(D) 5.5 0.9 6.2 ' 1.5 4.7 0.6 5.5 1.4
FIML 5.7 1.4 3.9 1.0 5.7 1.8 5.1 0.6
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Table 4.5
Parameter Estimates, Standard Errors and Type I Errors for Model 2;
Experiment 1 (Uniform), T = 30
Uniform
Method 5l SE ß SE
OLS 3.0720 . 0170 1.3643 . 0649
Correct OLS 3.0720 . 0407 1.3643 . 1369
IV 3.0694 . 0431 1.3798 . 1642
FIML 3.0682 . 0348 1.3876 . 0868
OLS-Boot 3.0818 . 0163 1.3499 . 0654
IV-Boot 3.0808 . 0492 1.3827 .2092
2S-Boot 3.0808 . 0218 1.3640 . 0718
Method 5% 1% 5% 1%
OLS 45.8 32.8 35.1 21.3
Correct OLS 6.1 1.1 4.1 0.5
IV 5.9 1.5 5.4 1.5
FIML 5.5 1.5 7.8 2.7
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Table 4.6
Parameter Estimates, Standard Errors and Type I Errors for Model 3:
Experiment 1 (Uniform), T = 30
Uniform
Method 5l SE Ti SE
OLS 3.0250 . 0127 1.5379 .2453
Correct OLS 3.0250 .0194 1.5379 .2453
IV 3.0250 . 0194 1.5379 . 2327
FIML 3.0251 .0185 1.5178 . 2304
OLS-Boot 3.0294 . 0125 1.5576 .2593
IV-Boot 3.0299 . 0196 1.5576 . 2593
2S-Boot 3.0326 . 0238 1.5360 .4045
Method 5% 1% 5% 1%
OLS 25.4 14.7 4.2 1.2
Correct OLS 5.8 1.6 4.6 1.4
IV 5.8 1.6 4.0 0.7
FIML 7.0 2.1 3.6 0.8
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Table 4.7
Parameter Estimates, Standard Errors and Type I Errors for Model 3:
Experiment 2 (Uniform), T = 30
x = 1.00
Method 5l SE *1 SE
OLS 3.0228 0.0080 2.1065 0.0951
Correct OLS 3.0228 0.0168 2.1065 0.0951
IV 3.0228 0.0168 2.1065 0.0921
FIML 3.0229 0.0158 2.1011 0.0891
OLS-Boot 3.0258 0.0083 2.1095 0.1081
IV-Boot 3.0248 0.0160 2.1095 0.1081
2S-Boot 3.0271 0.0384 2.1087 0.4356
Method 5% 1% 5% 1%
OLS 31.1 19.5 99.0 95.8
Correct OLS 5.4 2.1 99.0 95.8
IV 5.4 2.1 99.2 95.9
FIML 6.6 1.4 99.4 96.8
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Table 4.8
Parameter Estimates, Standard Errors and Type I Errors for Model 4;
Experiment 1 (Uniform), T = 30
Uniform
Method 5l SE 52 SE SE *2 SE
OLS 2.984 . 0249 . 5253 . 0253 2.564 .2439 1.109 .2429
Correct(S) 2.984 . 0287 . 5253 . 0292 2.564 . 2468 1.109 .2435
Correct(D) 2.984 . 0285 . 5253 . 0289 2.564 .2463 1.109 .2433
FIML 2.998 . 0264 . 5229 . 0268 2.526 .2017 1.164 .2040
OLS-Boot 2.984 . 0248 . 5200 . 0243 2.553 . 2363 1.092 . 2371
2 S-Boot 2.986 . 0905 . 5289 . 0892 2.561 . 3933 1.103 . 1877
Method . 5% 1% 5% 1% 5% 1% 5% 1%
OLS 11.6 4.0 12.8 4.6 5.9 1.1 6.3 1.2
Correct(S) 5.8 1.5 6.1 1.3 5.7 1.1 6.2 1.1
Correct(D) 5.8 1.5 6.1 1.3 5.7 1.1 6.2 1.1
FIML 7.3 2.4 8.2 3.4 6.6 1.8 8.3 7.3
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Table 4.9
Correct OLS Standard Errors and Type I Errors for Model 4 upon 
Losing d Observations in Estimating the Structural Equation:
Experiments 1 and 3, T = 30
d = 2 S E ^ ) S E(52) SEO^) SE(72)
Uniform
Correct(D) . 0292 . 0297 .2561 . 2471
Correct(S) . 0294 . 0299 .2563 .2474
Trend Correct(D) 
Correct(S)
. 1417 
. 1422
. 1472 
. 1478
.2735 
. 2735
. 2701 
. 2701
d = 2 5% 1% 5% 1% 5% 1% 5% 1%
Uniform
Correct(D) 6.3 0.9 7.1 1.8 5.1 1.6 6.2 1.3
Correct(S) 5.9 0.9 6.6 1.8 5.1 1.6 6.2 1.2
Trend Correct(D) 5.7 0.5 5.5 0.6 5.4 1.2 5.3 1.1
Correct(S) 5.7 0.5 5.5 0.6 5.3 1.1 5.3 1.1
d = 10 S E ^ ) SE(S2) SE(r1) SE(r2)
Uniform
Correct(D) . 0361 . 0372 .3313 .3417
Correct(S) . 0389 . 0399 .3313 .3419
Trend Correct(D) 
Correct(S)
. 1593 
. 1620
. 1652 
. 1678
. 3687 
. 3741
. 3440 
. 3440
d = 10 5% 1% 5% 1% 5% 1% 5% 1%
Uniform
Correct(D) 6.0 2.2 4.8 1.7 5.9 1.6 6.6 2.0
Correct(S) 4.7 1.5 3.6 1.2 5.8 1.6 6.4 2.0
Trend Correct(D) 6.9 2.8 5.9 1.3 5.9 1.3 7.8 2.3
Correct(S) 6.3 2.6 6.5 2.6 5.5 1.3 7.5 2.2
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Table 4.10
OLS, Correct OLS and FIML Standard Errors and Type I Errors 
Under Various Model Misspecifications for Model 4, T = 30
Experiment 9: Instability and Heteroscedasticity
S E ^ ) SE(S2) SE(r1) SE(r2)
OLS . 0262 . 0243 . 0753 . 0383
Correct(D) . 0378 . 0357 . 0827 . 0410
Correct(S) . 0382 . 0363 . 0823 . 0532
FIML . 1789 . 1761 .2757 .2105
OLS Coeff 2.9301 0.5693 2.8435 0.6588
FIML Coeff 2.9930 0.5033 2.1630 0.7170
5% 1% 5% 1% 5% 1% 5% 1%
OLS
Correct(D) 
Correct(S) 
FIML
71.4 56.9 59.7 46.4 29.3 20.5 54.6 46.4
29.2 18.3 25.9 16.2 22.3 15.8 51.4 43.5
28.1 17.7 24.8 15.2 21.8 15.7 51.3 43.2
3.1 1.0 0.7 0.1 1.8 0.5 14.8 4.8
Experiment 12: Omitted Variable Misspecification
SE(5t) SE (S2) SEUj) s e (t 2)
OLS . 0241 . 0248 .2087 .2104
Correct(D) . 0242 . 0249 .2087 .2106
Correct(S) . 0242 .0249 .2087 .2106
FIML . 0240 . 0240 . 1838 . 1936
OLS Coeff 2.9626 0.5349 2.8491 0.4398
FIML Coeff 2.9737 0.5315 2.8270 0.4564
5% 1% 5% 1% 5% 1% 5% 1%
OLS 8.9 2.9 8.0 2.6 42.4 20.0 42.0 21.2
Correct(D) 5.5 1.6 5.0 1.5 42.3 20.0 41.7 20.9
Correct(S) 5.5 1.6 4.8 1.5 42.3 19.9 41.6 20.9
FIML 4.5 0.7 4.0 0.9 31.5 12.0 32.0 11.8
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Table 4.11
Type I Errors and Powers of RESET(2) 
Experiment 1 (Uniform), T = 30 and 100
Model 1 Model 2 Model 3 Model 4
Method 5% 1% 5% 1% 5% 1% 5% 1%
OLS 41.9 29.0 45.3 33.2 22.2 10.7 6.7 2.4
Type I 
Errors Correct(S) 4.6 1.2 4.0 0.5 4.9 1.5 6.1 2.2
for Correct(D) 4.6 1.2 4.0 0.5 4.9 1.5 6.1 2.2
T = 30 IV 6.9 1.6 6.5 2.1 4.9 0.9 - -
FIML 6.9 1.6 8.0 2.4 5.3 1.1 6.2 1.4
Method Model 1 Model 2 Model 3 Model 4
OLS 95.7 93.2 99.0 98.1 96.0 92.1 84.5 66.3
Powers
for Correct(S) 57.9 35.6 90.3 77.9 84.4 67.1 83.6 64.6
T = 30 Correct(D) 57.9 35.6 90.3 77.9 84.4 67.1 83.6 64.6
IV 75.2 55.4 84.6 67.1 57.2 33.5 - -
FIML 98.6 94.2 99.7 98.7 93.2 80.8 100.0 99.6
Coef f 0. 8 0. 8 0. 5 0. 3
Model 1 Model 2 Model 3 Model 4
Method 5% 1% 5% 1% 5% 1% 5% 1%
OLS 45.9 34.2 49.2 37.1 22.2 11.7 4.6 1.0
Type I 
Errors Correct(S) 4.6 1.3 4.9 1.2 4.9 0.8 4.5 1.0
for Correct(D) 4.6 1.3 4.9 1.2 4.9 0.8 4.5 1.0
T = 100 IV 4.9 0.7 5.7 1.7 13.0 2.7 - -
FIML 5.8 0.7 5.3 0.9 4.6 0.8 5.9 1.8
Method Model 1 Model 2 Model 3 Model 4
Powers
for
OLS 100 99.9 100 100 100 100 100 100
Correct(S) 100 100 100 99.8 100 100 100 100
T = 100 Correct(D) 100 100 100 100 100 100 100 100
IV 99.9 98.6 78.1 60.5 97.6 89.2 - -
FIML 100 100 100 100 100 100 100 100
Coef f 0.8 0.8 0.5 0 .3
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Table 4.12
Type I Errors and Powers of the Serial Correlation Test (p = 0.75) 
Experiment 1 (Uniform), T = 30 and 100
Model 1 Model 2 Model 3 Model 4
Method 5% 1% 5% 1% 5% 1% 5% 1%
Type I 
Errors
OLS 6.0 1.3 6.0 1.6 5.5 1.3 4.4 0.8
Correct(S) 0.9 0.1 2.8 0.9 4.0 0.6 4.4 0.8
for
T = 30 Correct(D) 0.9 0.1 2.8 0.9 4.0 0.6 4.4 0.8
FIML 6.6 1.2 8.8 3.1 6.2 1.5 6.9 1.7
Method Model 1 Model 2 Model 3 Model 4
Powers OLS 73.2 58.0 81.9 68.5 87.1 76.4 91.7 82.7
for
T = 30
Correct(S) 
Correct(D)
58.0
58.0
37.0
37.0
76.4
76.4
59.1
59.1
84.3 72.3
84.3 72.3
91.3 82.2
91.3 82.2
FIML 99.2 97.9 92.9 86.0 92.2 84.2 92.0 83.5
Model 1 Model 2 Model 3 Model 4
Method 5% 1% 5% 1% 5% 1% 5% 1%
Type I OLS 4.8 1.3 3.9 0.7 4.5 0.5 6.2 0.7
Errors Correct(S) 3.6 0.7 3.1 0.6 3.8 0.5 6.1 0.7
for
T = 100 Correct(D) 3.6 0.7 3.1 0.6 3.8 0.5 6.1 0.7
FIML 5.8 1.3 5.8 1.2 5.0. 0.4 5.0 0.9
Method Model 1 Model 2 Model 3 Model 4
Powers OLS 100 100 100 100 100 100 100 100
for
T = 100
Correct(S) 100 100 100 100 100 100 100 100
Correct(D) 100 100 100 100 100 100 100 100
FIML 100 100 100 100 100 100 100 100
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Figure 4.2.A
Standard Error Estimates of Relative to Correct OLS: Model 2, Experiments 1 and 2
OLS
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FIML
OLS-Boot
IV-Boot
2S-Boot
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Figure 4.2.B
Standard Error Estimates of ß Relative to Correct OLS: Model 2, Experiments 1 and 2
OLS
IV
FIML
OLS-Boot
IV-Boot
2S-Boot
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Figure 4.3
Standard Error Estimates of 5Relative to Correct OLS: Model 3, Experiments 1 and 2
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IV
FIML
OLS-Boot
IV-Boot
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Figure 4.4
Standard Error Estimates of5 Relative to Correct(S): Model 4, Experiments 1 and 2
OLS
Correct(D)
FIML
OLS-Boot
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A p p e n d ix  4 .A; C a lc u la t io n  o f  F IM L  S ta n d a rd  E r r o r s  
The FIML s tandard  e rro rs  fo r  Model 3 are obta ined using the same 
procedure as in  McAleer and McKenzie (1990, Appendix B). The 
pa ram ete r associated w ith  the c u rre n t unan tic ip a ted  va riab le , i.e. 
Z , is no t id e n tif ie d  w ith o u t im posing the d ia g o n a lity  re s tr ic t io n  on 
the covariance m a tr ix  o f the  d is turbances. A sim ple w ay o f im posing 
th is  re s tr ic t io n  is to  d iv ide  each equation by the e q u a tio n -sp e c ific  
s tandard  e r ro r  to  rende r hom oscedastic ity  across equations, and then 
to  s tack the tw o  equations and es tim a te  the s ing le -equ a tion  system. 
We then have
*  *
y = < 5  z + r  (z -  z ) + cl t  l t  t  t
z = W7 a + 7)
t  t  t
in  w h ich  W7 = [1, W , W ], a 7 = (a , a , a ) and t  = 1 ,2 ,...,N .t  i t  2t 0 1 2
2 2
Since c ~N(0, cr^I), t) ~N(0, cr^I) and <r = 0, hom oscedastic ity  is 
the reby imposed. S tack ing  the tw o  equations, we have (in  m a tr ix  fo rm )
y '0  Wa (z -W a)' a e
= 5 + (4.A.1)
z
---1
oo£
 
__
1
l
b ,J
E s tim a tin g  (4.A.1) as a s ing le  equation imposes the re s tr ic t io n  o f a 
d iagona l covariance m a tr ix .
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A p p e n d ix  4 .B : C o r re c t  OLS S ta n d a rd  E r r o r s  f o r  V a r io u s  M o d e ls
F o llow ing  Pagan (1984), the  fo rm u la e  fo r  the c o rre c t OLS s tandard  
e r ro rs fo r  the va rious  models are given as fo llo w s  (see also Newey 
(1984) fo r  a genera l m ethod o f moments approach):
M odel 1
Var  (3 ) =  ( $ ' $ ) " V v  $ ( * ' * f \  $ = [z]
V = cr2I + <r2S S' -  2xr S (4.B.1)
1 e  7) 1 1 CT) 1
S = W (W 'W )-1W ' 8
l  l
M odel 2
Var ($ '$ )  V  v  $ ($ '$ )  \  $ = [z, X]
2
V = 
2
S = 
2
o' 21 + <r2S S ' -  2<r S
e  7) 2 2 CT) 2
W (W 'W )_1W ' 8
1
M odel 3
Var
V = 
3
s =
3
(« '« rV  v m '*)"1,
cr2I + (r2S S ' 
e  7) 3 3
W(W/ W )"1W/ ( r  -  5 )l  l
$ [z, (z -  z ) ]
M odel 4
(4.B .2)
(4.B .3)
V a r
V =
4
S =
4
( $ ' $ )  V v  $($ '$ )_1
4
o'21 + (r2S S '
G 7) 4 4
w(w'w)_1w '(r - 5 ) + w (w'w)-1w '(r1 1 -1 . 2 5 )2
W_1 = U , WX 1 , W2 1 ], L = ( l,  1......... D '
$ = [z, z , (z -  z), (z -  z )].
-1  -1  -1
(4.B .4)
For Model 4, the  o rde rs  o f  W and W are (29 x 3) w h ile  th a t o f $> is
- l
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(29 x 4). The C orrect OLS s tan d a rd  e rro rs  when the num ber of 
observations in the expecta tions and s tru c tu ra l  equations is the  
same, C orrect(S ), r e f e r  to  those ca lcu la ted  using the fo rm ula  in 
(4.B.4) w ith  the  m atrices  defined over the  same num ber of 
observations as determ ined by the  s tru c tu ra l  equation.
However, when the  expecta tions and s tru c tu ra l  equations a re  
e s tim a ted  over d iffe re n t sam ple periods, i t  is possible (and perhaps 
m ore sensible) to  ca lcu la te  the  covariance m atrix  over d iffe re n t 
sam ple periods (see Murphy and Topel (1985) and McKenzie and McAleer 
(1990)). The covariance m atrix  in th is  case can be w r itte n  as
Var
5A l
<5
A. 2
l l
r 2
4
*  2 2 *  *V = O' I + O' S S 7 
4 C 7) 4 4
s* = W(W' W )_1W7(r  -  5 ) + W (W' W )_1w 7 (y -  5 )
4 0 0  0 1  1 - 1 0 0  0 2 2
in which W and the o ther variab les a re  defined as above. W iso
of o rd er (30 x 3) and includes the  (1 x 3) vecto r fo r  the  f i r s t  
observation , denoted which w as excluded from  (4.B.4). Correct(D ) 
r e f e r s  to  the  C orrec t OLS s ta n d a rd  e rro rs  using d iffe re n t sam ple 
periods fo r  the  m atrices  in ca lcu la ting  the  covariance m a tr ix  fo r  the 
s tru c tu ra l  equation. The use of additional in f o rm ation  through  the 
e x tra  observation  in ca lcu la ting  the  C orrec t OLS covariance m a tr ix  
has the  e ffe c t  of reducing the  s ta n d a rd  e rro rs . For fu r th e r  d e ta ils  
in a  general con tex t, see McKenzie and McAleer (1990).
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A p p en d ix  4.C: C o n s is te n c y  o f th e  OLS S ta n d a rd  E r ro r  f o r  th e  T es t of
S e r ia l  C o rre la tio n
Consider the m atrix  version of Model 4, namely
*  *
y = <5 z + 5 z  + y T) + n  + e 
J 1 2 - 1  1 2 - 1
*
z = z + T) = W a  + T).
The 2-step  estim ator of the s tru c tu ra l equation is OLS applied to
y = 5 z + 5 z + 7  7) + 7  7) + u  
J 1 2 - 1  1 2 - 1
where u is given by
u = c + (r  -  6 )w(w' w r V - r )  + ( r  -  8  )w (W 'w i ' V t).
1 1  2 2 - 1
The covariance m atrix  of u is given as V in (4.B.4) in Appendix 4.B.4
The asymptotic te s t of white noise e rro rs  against a f irs t-o rd e r  
serially  correlated  a lternative involves testing  </> = 0  in the
auxiliary regression
y = 5 z + 5 z + y T) + y T) + 0 ii + ii
I Z “ I I Z - 1  —1
where u is given by 
— 1
(4.C.1)
u = y  -  5 z - 5 z - 7 7 ) - 7 7 )
-1 -1 1 - 1  2 - 2  1 - 1  2 - 2
or, equivalently, as
u = ( 7  " 7 )t) + ( 7  ~ 7 )t) + (5 -  5 )z + (5 -  5 )z
-1 1 1 - 1  2 2 - 2  1 1 - 1  2 2 - 2
+ (7 - 5 )W (W/ W)"1W, t) + ( 7  -  5 )W (W/ W)'1W, 7) + e . 
1 1 - 1  2 2 - 2  -1 (4.C.2)
The OLS param eter estim ates of 7  , 7  , 5  ^ and 52 a re  consistent under 
the null hypothesis of no serial correlation, so th a t the f i r s t  four 
term s in (4.C.2) can be ignored in large samples. Attention, 
therefo re , focuses on the f if th  and six th  term s. A necessary and 
sufficien t condition fo r the OLS standard  e rro r corresponding to u
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in (4.C.1) to  be consisten t is th a t  u is unco rre la ted  w ith  the
- l
rem aining reg re sso rs  in (4.C.1). A su ff ic ie n t condition fo r  the  above 
re su lt  to  hold is th a t  the  m atrix  W does not contain  z . It is w orth
- l
noting th a t  th is  su ff ic ie n t condition is iden tical to  th a t  fo r  the 
OLS (or 2 -step ) s ta n d a rd  e r ro r  fo r  to  be consisten t in Model 4.
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CHAPTER FIVE
ON THE RO BU STN ESS OF BA RRO’S NEW CLASSICAL 
UNEMPLOYMENT MODEL
5.1. I n t r o d u c t i o n
In fo u r im portan t papers, B arro  (1977, 1978, 1979, 1981)
a ttem p ted  to  address the  question of w hether "only unan tic ipated  
movements in money a ffe c t  re a l economic variab les like the 
unemployment r a te  or the  level of output" (1977, p.101). The
in sig n ifican t ro le  of expected money grow th  in the  unemployment and 
ou tpu t equations, and the  s ig n ifican t ro le  of unan tic ipa ted  money 
grow th , led to  support fo r  the  policy ineffec tiveness proposition. 
B a rro ’s (1977) paper is perhaps the  m ost prom inent em pirical 
con tribu tion  to  the  New C lassical M acroeconomics, and has its e lf  
spaw ned severa l a r t ic le s  re-exam in ing  his conclusions because B arro 
used o rd inary  lea s t squares (OLS) fo r  estim ation  and inference.
Pagan (1984, Model 5) d iscusses B arro ’s model and notes th a t, 
a lthough B arro ’s OLS s ta n d a rd  e r ro rs  a re  ca lcu la ted  inco rrec tly , his 
conclusions cannot be overtu rned  by a c o rre c t com putation of the 
s ta n d a rd  e rro rs . However, Pagan (1984) also  notes th a t ,  due to  the  
presence of add itional exp lana to ry  variab les in the  s tru c tu ra l
equation  th a t  a re  not in the  expecta tions equation, the  2 -s tep  method 
used by B arro  is not e ff ic ie n t (see McAleer and McKenzie (1989) fo r  
much sim pler a lte rn a tiv e  p roofs of these  resu lts ) . In sum m ary, the 
OLS estim a te  of the  coeffic ien t corresponding to  the c u rre n t 
u nan tic ipa ted  variab le  is e ff ic ie n t, w hereas the  OLS es tim a tes  of the  
co e ffic ien ts  of the  lagged unan tic ipated  variab les a re  in effic ien t
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due to  the presence o f a lagged dependent va ria b le  in  the 
expecta tions  equation. In add ition , the  OLS estim ates o f the 
c o e ff ic ie n ts  o f any o the r va riab les  in  the s tru c tu ra l equation are 
in e f f ic ie n t .  M oreover, the  OLS s tandard  e rro rs  are cons is ten t only 
fo r  the  es tim a ted  c o e ff ic ie n t o f the  c u rre n t unan tic ip a ted  va riab le .
Le iderm an (1980) tested  the ra t io n a lity  and s tru c tu ra l
n e u tra lity  hypotheses in  B a rro ’ s model using F u ll In fo rm a tio n  Maximum 
L ike lihoo d  (FIM L). The da ta  supported ra t io n a lity ,  n e u tra lity  and the 
jo in t  hypothesis o f ra t io n a lity  and n e u tra lity . FIML was also used by 
M ishkin  (1982a, 1982b, 1983) to  te s t ra t io n a lity ,  n e u tra lity  and the 
jo in t  hypothesis. W ith  the use o f a longer tim e  period  and e x tra  lags 
a r is in g  fro m  seasonally ad jus ted  q u a rte r ly  data  ra th e r  than  annual 
data , M ishkin  a rr iv e d  a t an unambiguous re je c tio n  o f the  n e u tra lity  
hypothesis. The conclusions re g a rd in g  the ra t io n a lity  p ro p o s itio n  
w ere more ambiguous.
M urphy and Topel (1985) analysed B a rro ’ s unemployment equation 
using FIML as w e ll as the C o rre c t OLS standard  e rro rs  w ith  d if fe re n t  
num bers o f observations f  o r the  expecta tions and s tru c tu ra l 
equations. The re s u lts  fro m  Table 1 o f M urphy and Topel (1985, p.372) 
suggest th a t, in  using the C o rre c t OLS s tandard  e rro rs  and a leve l o f 
s ig n ifica n ce  o f f iv e  percen t, th e re  can be a c o n f lic t  between OLS and 
FIML re g a rd in g  the  s ig n ifica n ce  o f lagged money g ro w th  shocks in  the 
unem ploym ent equation.
H o ffm an  et al. (1984) used Monte C arlo  experim ents  to  es tab lish  
the degree o f o v e r-re je c tio n  o f a tru e  n u ll hypothesis o f n e u tra lity  
and ra t io n a li ty  using various a lte rn a tiv e  e s tim a tio n  techniques. The 
ana lys is  considered B a rro ’ s (1977) 2 -s te p  procedure, Pagan’ s (1984)
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m ethod of obtain ing c o rre c t s tan d ard  e rro rs , and Mishkin’s (1982a) 
use of FIML. The re su lts  fo r  n e u tra lity  in experim ent 1 showed a 
su b s ta n tia l o v e r-re je c tio n  of the  tru e  null using B arro ’s procedure. 
FIML and Pagan’s method did not o v e r-re je c t the tru e  null, and these 
re su lts  held fo r  d iffe re n t sam ple periods. Subsequent experim ents 
allow ed the  tru e  model to  be d iffe re n t from  the es tim ated  model. In 
these  cases, FIML and Pagan’s OLS co rrec tion  continued to  perfo rm  
reasonab ly  well. Hoffman et al. (1984) concluded th a t  " there  is some 
b ias in the  Mishkin m ethodology tow ard  o v e r-re je c tio n  of the  c o rre c t 
null hypothesis" (p.360). C hapter Four (McAleer and Sm ith (1990)) 
have also found th a t  FIML estim ation  of models w ith  genera ted  
re g re sso rs  yields dow nw ard-b iased  s tan d a rd  e rro rs  in sm all sam ples. 
Given th is  re su lt, the  issue a rise s  as to  w hat fo rm s the basis  fo r  
com parison of the  s ta n d a rd  e r ro r  estim ates.
McAleer and McKenzie (1990) es tim ated  B arro ’s model
inco rpo ra ting  the  ex tensions of P esaran  (1982, 1988) and Rush and
Waldo (1988). In the  th ree -eq u a tio n  system , th e re  e x is ts  a governm ent 
expend itu re  equation in addition  to  B arro ’s orig inal money grow th  and 
unemployment equations, thereby  requ iring  a b iv a ria te  expecta tions 
system  to g e th e r w ith  a  single s tru c tu ra l  equation.
This ch ap te r is p a rticu la rly  in te re s ted  in the  robustness of 
B a rro ’s em pirical re su lts  in the  con tex t of his unemployment model. 
For th is  reason , the  tw o - and th ree -eq u a tio n  system s a re  estim ated  
and com pared using the  2 -s te p  OLS m ethod, 2 -s tep  OLS w ith  c o rre c t 
s ta n d a rd  e r ro r s  using the  same and d iffe re n t num bers of observations 
fo r  the  expecta tions and s tru c tu ra l  equations, and FIML. Three novel 
v a ria n ts  of the  p a ra m etric  b o o ts trap  method a re  also  used to  provide
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alternative estim ates of standard  erro rs . The bootstrap is a very 
useful com puter-intensive method fo r obtaining estim ates of standard  
e rro rs  in situations where it is computationally d ifficu lt to 
calculate the co rrect standard  e rro rs , or when the analytical
expressions are  in tractab le. The method is sim ilar to a Monte Carlo
experim ent, w ith a rtif ic ia l data  generated by setting the true
param eters a t the ir estim ated values and choosing the erro r
distribution as the empirical distribution of the residuals. Since
the sample data are random drawings from  a particu la r population,
random drawings from  the sample may also be viewed as random drawings 
from  the population. The probability distribution of a particu la r 
s ta tis tic  can then be estim ated by the em pirical f  requency 
distribu tion  of its  values from  a rtif ic ia l bootstrap  samples (of the 
same size) taken randomly, and with replacement, from  the original 
sample.
5.2. E s t im a t io n  and I n f e r e n c e
Figure 5.1 illu s tra tes  the existing lite ra tu re  on B arro’s 
unemployment equation. Three c rite r ia  are  used to distinguish between 
the various contributions. The f i r s t  criterion  is the sample period 
used f  or the expectations and s tru c tu ra l equations. This stage 
separates studies which use the same sample period fo r all the 
equations from  those which use d ifferen t sample periods fo r d ifferen t 
equations. If a lagged shock from  the expectations equation is 
present in the s tru c tu ra l equation, there is no possibility of 
estim ation using a 2 -step  method over the same sample period fo r the 
expectations and s tru c tu ra l equations. FIML uses the same sample
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periods fo r  estim ation: in both the tw o- and th ree -eq u a tio n  system s, 
FIML is used fo r  estim ation  over the  period 1946-1973. The FIML
estim ates  of the  p a ram ete rs  of the  system  a re  consisten t and
asym pto tically  e ff ic ie n t, and the  covariance m atrix  is consisten tly
estim ated .
Given the  use of d iffe re n t sam ple periods fo r  estim ation , the 
second c rite r io n  to  be considered is the  m ethod of estim ation . Three 
m ethods th a t  have been used in the  l i te ra tu re  a re  FIML, sequential 
OLS and non-sequen tia l OLS w ith  a lgeb raic  m anipulation of the  
res id u a ls  of the  expecta tions equation. The d istinguishing 
c h a ra c te r is t ic  here  is the  use or o therw ise  of an a lgeb raic
m anipulation to  ca lcu la te  the  res id u a ls  of the  money grow th  equation 
when a governm ent expenditu re  equation is inco rporated  in the  
th re e -e q u a tio n  system . The money grow th  equation includes a variab le  
f  o r c u rre n t an tic ip a ted  rea l f  edera l governm ent expenditu re  re la tiv e  
to  i ts  norm al level, which is obtained by su b tra c tin g  a p roportion  of 
the  unan tic ipa ted  ra te  of grow th  of rea l f  edera l governm ent 
expend itu re  from  its  c u rre n t level. However, the  money grow th  
equation  can be estim ated  over 1941-1973, w hereas the  governm ent 
expend itu re  equation is estim ated  only over 1943-1973. P esaran  (1982, 
1988) used the  non-sequen tia l OLS m ethod to  e s tim a te  the  governm ent 
expend itu re  equation over 1943-1973. The money g row th  equation was 
e s tim a ted  over 1941-1973 w ith  the  re a l fed e ra l governm ent expenditu re  
variab le  w ithou t su b tra c tin g  the  unan tic ipated  r a te  of grow th  of rea l 
fed e ra l governm ent expenditure . Then the  res id u a ls  from  the  money 
g row th  equation, fo r  the  period 1943-1973, w ere m anipulated  
a lgeb ra ica lly  w ith  the  res id u a ls  from  the  governm ent expenditu re
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equation, fo r  the  period 1943-1973, to  obtain  res idua ls  co rrec ting  
f  o r the  unan tic ipated  ra te  of grow th  of rea l f  ederal governm ent 
expenditu re . The a ttra c tio n  of th is  procedure is the  use of an 
add itional tw o observations fo r  e stim ating  the  money grow th  equation.
A lternatively , sequen tial OLS estim ation  w ith  no algebraic  
m anipulation of the res idua ls  of the  expecta tions equation involves 
es tim a ting  the  money grow th  and governm ent expenditure  equations over 
the  period 1943-73: namely, including the  unan tic ipated  r a te  of
g row th  of re a l fed e ra l governm ent expenditu re  in the  an tic ip a ted  rea l 
fed e ra l governm ent expenditu re  variab le  fo r  use in the  money grow th  
equation. OLS resid u a ls  f  rom  th is  money grow th  equation a re  
au tom atically  ad ju s ted  fo r  the  unan tic ipated  ra te  of grow th  of rea l
fed e ra l governm ent expenditure.
The th ird  c rite r io n  is the  calcu la tion  of the  covariance m atrix  
of the  es tim a tes  of the  s tru c tu ra l  equation. This d istinguishes 
covariance m atrices  ca lcu la ted  using d iffe re n t num bers of
observations fo r  the  d iffe re n t equations, as in Murphy and Topel 
(1985), and those th a t  m ight be ca lcu la ted  using the  same num ber of 
observations as determ ined by the  period of estim ation  of the 
s tru c tu ra l  equation.
In his various papers, B arro  uses a  2 -s te p  sequen tial OLS
estim ation  m ethod fo r  the  unemployment equation, w ith  no a lgeb raic  
m anipulation of the  money grow th  residua ls , in com puting the
in co rrec t OLS covariance m atrix : in e stim ating  a tw o-equation  system , 
i t  is not possible to  use a non-sequen tia l OLS method. Pagan (1984) 
and Hoffm an et al. (1984) suggest co rrec tio n s  fo r  B arro ’s s tan d a rd  
e r ro rs , (possibly) using the  sam e num ber of observations fo r  the
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expecta tions  and s tru c tu ra l equations in  ca lcu la tin g  the C o rre c t OLS 
covariance m a tr ix .  H o ffm an  et a l .  (1984) used a r t i f ic ia l ly  generated 
da ta  to  es tab lish  the appropria teness o f 2 -s tep  OLS, C o rre c t 2 -s tep  
OLS, and FIML e s tim a tio n  methods, bu t they are no t e x p lic it  as to  
w he the r they used the same o r d if fe re n t  numbers o f observations in  
ca lcu la tin g  the  c o rre c t covariance m a tr ix .  Pagan (1984) suggested how 
to  compute the C o rre c t OLS s tandard  e rro rs  bu t d id  no t consider the 
f in i te  sample issue o f w he the r to  use the same o r d if fe re n t  numbers 
o f observations in  com puting the C o rre c t OLS covariance m a tr ix .
Pesaran (1982, 1988) and Rush and Waldo (1988) used the 
in c o rre c t 2 -s te p  OLS covariance m a tr ix  to  d raw  in fe rences about the  
unem ploym ent equation. However, in  th e ir  th re e -e q u a tio n  system, they 
considered an a lgeb ra ic  m an ipu la tio n  o f the  res idua ls  in  the money 
g ro w th  equation. M cAleer and McKenzie (1990) used no a lgeb ra ic  
m an ipu la tio n  and the  same num ber o f observations fo r  bo th  the 
expecta tions  and s tru c tu ra l equations to  derive  the  C o rre c t 2 -s tep  
OLS s tanda rd  e rro rs  to  d raw  in f  erences about the  unemployment 
equation. M urphy and Topel (1985) also obta ined the C o rre c t OLS 
s tanda rd  e r ro rs  fo r  the  tw o -e q u a tio n  system, using d if fe re n t  numbers 
o f observa tions f  o r the  expecta tions  and s tru c tu ra l equations in 
com puting the covariance m a tr ix .
A ll o f the  models lis te d  above are  re -e s tim a te d  be low  to  
es tab lish  the  robustness o f the  e x is tin g  e m p ir ica l re su lts  to  the 
va rious  methods o f e s tim a tio n , as w e ll as the  ca lcu la tio n  o f C o rre c t 
2 -s te p  OLS s tanda rd  e r ro rs  using both' the  same and d if fe re n t  numbers 
o f observa tions fo r  the  expecta tions  and s tru c tu ra l equations. Three 
novel v a r ia n ts  o f the  p a ra m e tr ic  b o o ts tra p  method are  also used fo r
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purposes of com parison.
The use of the  b o o ts trap  m ethod is n o n -triv ia l fo r  th is  example 
due to  the  presence of the  genera ted  reg re sso r  in the  s tru c tu ra l  
equation. T reating  the  g enera ted  reg re sso r  as a s to ch astic  variab le , 
it  is necessary  to  b o o ts trap  the  s tru c tu ra l  equation based on 
d iffe re n t random  draw ings from  the genera ted  reg re sso r. This is 
achieved by boo tstrapp ing  the  expecta tions equation to  obtain  the 
unan tic ipa ted  money g row th  variab le , and then  boo tstrapp ing  the 
s tru c tu ra l  equation conditional on the  o rig inal OLS p a ram ete r
es tim a tes  from  the  s tru c tu ra l  equation and on the  genera ted
reg re sso r . The ex isting  problem  is confounded by the  presence of a 
lagged dependent variab le  in the  expecta tions equation. Assuming th a t  
expected money grow th  is un co rre la ted  w ith  the  lagged money grow th, 
then  the  r ig h t-h an d  side variab les, including the  lagged money grow th  
variab les, can be t re a te d  as  fixed , so th a t  boo tstrapp ing  takes  place 
only on the  dependent variab le . A v a rian t of the  b o o ts trap  procedure 
d iscussed above a rise s  if  it  is assum ed th a t  the  c u rre n t expecta tions 
variab le  is linked to  the  lagged rea lised  variab le , fo r  exam ple, 
th rough  a p a r t ia l  ad ju s tm en t mechanism. In th is  case it  is no longer 
a p p ro p ria te  to  t r e a t  the  lagged dependent variab les as fixed , so th a t  
the  lagged dependent v ariab le  needs to  be boo tstrapped  to g e th e r w ith 
the  dependent variab le.
These tw o p a ra m e tr ic  b o o ts trap  procedures w ill be denoted 
2S-Boot, re f lec tin g  the  tw o s tep s  of boo tstrapp ing  involved. They 
w ill be d istinguished  accord ing  to  w hether only the  dependent 
variab le  ("Only DM") o r r a th e r  the  whole process ("DM Process") is 
boo tstrapped . Due to  com puter space lim ita tions, both the
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expecta tions and s tru c tu ra l  equations a re  boo tstrapped  one hundred 
tim es, thereby  yielding ten  thousand b o o ts trap  e s tim a tes  fo r  each of 
the  p a ra m ete rs  of the  s tru c tu ra l  equation.
Another v a ria n t of the  p a ram etric  b o o tstrap  procedure is simply 
to  b o o ts trap  the  s tru c tu ra l  equation, tre a tin g  the  genera ted
re g re sso r  as fixed . This second b o o ts trap  method could s ti l l  yield 
d iffe re n t s ta n d a rd  e r ro r s  com pared w ith  OLS due to  the  
h e te ro sced as tic ity  and se ria l c o rre la tio n  in the  s tru c tu ra l  equation 
induced by the p resence of the  genera ted  reg re sso r. This procedure 
w ill be denoted "Boot".
5.3. T w o - E q u a t io n  S y s t e m
The tw o-equation  system  com prises money grow th  and unemployment 
equations, namely
DM = a  + a  DM + a  DM + a  UN + a  E FEDV
t o 1 t - i  2 t-2 3 t - i  4 t - i  t
+ DMR (5.1)
t
and
UN = ß + ß  MIL + ß  MINW + ß  DMR + ß DMR
t 0 1 t 2 t 3 t 4 t-1
+ ß  DMR + c (5.2)
5 t-2 t
w here the  variab les used in th is  model as well as i ts  ex tensions a re  
defined as follow s:
UNt = log[Ut/ ( l - U t )]
U  ^ = annual average unemployment r a te  
MIL^ = m easure of m ilita ry  conscrip tion  
MINW^ = minimum wage variab le
DM  ^ = r a te  of grow th  of money supply (Ml defin ition)
DMR  ^ = DM  ^ -  E  ^ ^DM^) = unan tic ipa ted  r a te  of g row th  of money supply
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FEDV^ = rea l fed e ra l governm ent expenditure  re la tiv e  to  its  norm al 
level
E (FEDV ) = an tic ip a ted  value of FEDV form ed a t tim e t-1
t-i t t
DG^ = r a te  of grow th  of rea l fed e ra l governm ent expenditure  
DGR^ = DG^ -  E ^(DG^) = unan tic ipated  r a te  of grow th  of rea l fed era l 
governm ent expenditure
WAR^ = a dummy variab le  m easuring the  in ten sitie s  of d iffe re n t w ars 
(namely, 7.3 in 1946, 1.13 in 1954, 0.5875 in 1973,
0 elsew here)
The e r ro r s  DMR  ^ and a re  assum ed to  be independently and 
iden tica lly  d istrib u ted . E  ^ ^FEDV^ is the  expecta tion  a t  t-1  of 
deviations of re a l fed e ra l governm ent expenditure  re la tiv e  to  its  
norm al level a t  tim e t. B arro (1977) assum ed E FEDV = FEDV . In
t-i t t
both  th is  tw o-equation  system , and the  th ree -eq u a tio n  system  of the  
nex t section , the coeffic ien t of the  c u rre n t unan tic ipated  variab le  
in the  unemployment equation, namely DMR^, is not iden tified  w ithout 
imposing the  re s tr ic tio n  th a t  DMR  ^ and a re  contem poraneously
u n co rre la ted . While th is  is imposed au tom atically  using a 2 -s tep  
p rocedure, i t  m ust be specified  exp lic itly  fo r  FIML estim ation . A 
sim ple way of imposing th is  re s tr ic tio n  is to  divide each equation by 
th e  equa tion -spec ific  s ta n d a rd  e r ro r  to  ren d er hom oscedasticity  
ac ro ss  equations, and then  to  s tack  the  tw o equations and estim a te
th e  s ing le -equa tion  system .
E stim ating  the  money grow th  equation (5.1) by OLS over the  
period 1943-1973 yields
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DM = 0.158 + 0.224 DM
t
( 0 . 0 4 1  ) ( 0 . 1 3 9  )
t-1
+ 0.495 DM
( 0 . 1 2 7 )
t-2
+ 0.053 UN
( 0 . 0 1 4 )
t-1
+ 0 .098 FEDV + DMR (5.3)
t
( 0 . 0 1 5 )
t
R2 = 0.899, SE = 0.0186, LM(1) = 0.438, RESET(2) = 0.436.
(S tandard  e rro rs  in  parentheses)
The estim a tes o f the  unemployment equation w ith  the dependent 
v a ria b le  UN^ over the period  1946-73 are  presented in  Table 5.1, and 
the FIML estim ates fo r  the  money g ro w th  equation o f the  tw o -e q u a tio n  
system , assum ing the e rro rs  are jo in t ly  n o rm a lly  d is tr ib u te d , are 
presented in  Appendix 5 .A. The q u a lita tiv e  re su lts  are  ve ry  s im ila r  
to  those ava ilab le  in  the l ite ra tu re .  Included in  the  tab le  are the 
RESET(2) te s t s ta t is t ic  (w h ich  is a sym p to tica lly  d is tr ib u te d  as a 
s tanda rd  no rm a l va ria b le ) fo r  fu n c tio n a l fo rm  m issp e c ifica tio n  (see 
Ramsey (1969, 1974)), and LM(1) (a sym p to tica lly  d is tr ib u te d  as a
ch i-squa red  s ta t is t ic  w ith  one degree o f freedom ) fo r  f i r s t - o r d e r  
s e r ia l c o rre la t io n  (see Breusch and G odfrey (1986)). The f i r s t  
va ria b le  a d d itio n  te s t involves te s tin g  the s ig n ifica n ce  o f the 
squared f i t t e d  value fro m  the unem ploym ent equation when i t  is  added 
to  the unem ploym ent equation, w h ile  the  second involves te s tin g  the 
s ig n ifica n ce  o f the  one-period  lagged res idua l, ob ta ined fro m  various 
e s tim a tio n  methods, when i t  is  added to  the  unem ploym ent equation. 
The te s t o f s e r ia l c o rre la t io n  should be p o w e rf u l aga ins t any 
a lte rn a tiv e  w ith  a t leas t a f i r s t - o r d e r  au to regress ive  o r moving 
average component, w h ich  m igh t be expected in  the case o f annual 
data . Since the fu n c tio n a l fo rm  is  assumed to  be c o rre c tly  spec ified  
and the  e rro rs  assumed u n co rre la te d  (bu t no t necessarily  
hom oscedastic) in  te s tin g  the  n e u tra lity  p ro p o s itio n , i t  is essentia l
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th a t  these  two assum ptions be tes ted .
Since the  choice of sam ple period fo r  the  money grow th  equation 
is an im portan t issue in the  th ree -eq u a tio n  system , Table 5.2  shows 
the  re su lts  when the  money grow th  equation is es tim ated  over the 
period 1941-73 (see equation (5.5) fo r  the  em pirical e s tim a tes), w ith  
the  unemployment equation s ti l l  estim ated  over 1946-73. A part from  
the  co effic ien t of DMR , none of the  coeffic ien ts  in Table 5.2 ist-2
m arkedly d if fe re n t from  those obtained in Table 5.1.
In both cases, the  C orrec t 2 -s te p  OLS s ta n d a rd  e r ro rs  a re  
genera lly  much la rg e r  th an  the  dow nw ard-biased 2 -s te p  OLS s tan d ard  
e rro rs . While th e re  is no th eo re tica l re la tionsh ip  betw een the  FIML 
and in co rrec t dow nw ard-b iased  OLS s tan d a rd  e rro rs , the  FIML estim a tes  
a re  la rg e r  fo r  all but the e s tim a tes  of the  co effic ien ts  of DMR  ^ and 
DMR^ . The Boot s ta n d a rd  e r ro rs  a re  sm aller than , although sim ilar
to , the  dow nw ard-b iased  OLS s ta n d a rd  e rro rs . This suggests th a t  the  
h e te ro sced as tic ity  and se ria l c o rre la tio n  induced by the  presence of
the  g enera ted  re g re sso r  is sm all, so th a t  the  genera ted  reg re sso r  is 
not a  se rious problem  in th is  case. However, a m ore likely 
in te rp re ta tio n  is th a t  th is  b o o ts trap  method is im precise in 
determ in ing  the  p resence of e ith e r  h e te ro sced as tic ity  o r se ria l 
co rre la tio n . The 2S-Boot m ethod which b o o ts trap s  the  DM process
yields s ta n d a rd  e r ro rs  which a re  la rg e r  th an  those fo r  FIML (w ith the 
exception of DMR  ^ in Table 5.2) but sm aller than  those fo r  C orrect 
OLS. B ootstrapping  only the  dependent variab le  DM, as opposed to  the  
DM process, produces m arkedly la rg e r  s tan d a rd  e r ro rs  fo r  the  DMR 
variab les  such th a t , in Table 5.2, DMR is no longer s ig n ifican t a tt-2
the  five per cen t level. The s ta n d a rd  e rro rs  corresponding  to  the
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o th e r va riab les  are s im ila r  fo r  the tw o  2S-Boot methods.
The C o rre c t OLS s tandard  e rro rs  w ith  d if fe re n t  sample sizes n *
e
n , denoted C o rrec t(D ), are sm a lle r than  the  C o rre c t OLS standard
s
e rro rs  w ith  the same sample size n = n , denoted C orrec t(S ). (The
e s
procedure fo r  c a lcu la tin g  the C o rre c t OLS s tanda rd  e rro rs  fo r  n = n
e s
as w e ll as n *  n is given in  Appendix 5.B .) F o r M IL and MINW, the
e s
percentage d iffe re n ce s  are 3.2 and 16.2, re spec tive ly , w h ile  fo r  the 
una n tic ip a te d  money g ro w th  va riab les  the percentage d iffe re n ce s  are 
39.4, 9 .0 , and 24.3. Th is  re s u lt a rises because more observations are 
used in  c a lc u la tin g  the C orrec t(D ) covariance m a tr ix  as compared w ith  
the C orrec t(S ) covariance m a tr ix .
For DMR^, the d iffe re n ce s  in  the s tanda rd  e rro rs  a re  qu ite  
m arked. The o r ig in a l OLS s tanda rd  e r ro r  is  c o rre c t only f  o r the
c o e ff ic ie n t o f the  c u rre n t unan tic ip a ted  va ria b le . In  th is  case, the 
o r ig in a l OLS s tanda rd  e r ro r  is ve ry  s im ila r  to  th a t g iven by FIML, as 
expected. However, a te s t o f 0^ = 0 w ould no t be in  c o n f lic t  using 
e ith e r o f the  c o rre c t (bu t in e f f ic ie n t)  OLS s tandard  e r ro r
ca lcu la tion s . FIML and the th ree  bo o ts tra p  m ethods o ve rtu rn  the  n u ll 
hypotheses 0 ^ = 0. The n u ll hypothesis 0 & = 0 is supported by both 
C o rre c t OLS s tandard  e rro rs  in  Table 5.2, b u t th is  re s u lt is in  
c o n f l ic t  w ith  FIML. The MINW^ va ria b le  rem ains in s ig n if ic a n t
th rougho u t.
The CHI(2) te s t noted in  the tab les  is  a te s t o f the  jo in t
hypothesis 0^ = = 0 in  the unem ploym ent equation. The absence o f
these p rede te rm ined  va riab les  fro m  the unem ploym ent equation means 
th a t the  n a tu ra l ra te  o f unem ploym ent is  constan t. In  Table 5.1 OLS, 
FIM L and Boot unam biguously re je c t  the  n u ll hypothesis a t any
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reasonab le  level of sign ificance. The conclusions from  using the 
C orrec t OLS s ta n d a rd  e r ro rs  d iffe r  a t  the  one per cent level, 
depending upon w hether one uses the  same or d iffe re n t num bers of 
observations; however, th e re  is no such conflic t a t  the  five per cent 
level. Both of the  2S-Boot m ethods also lead to  re je c tio n  of the  null 
hypothesis a t  the  five per cent level, and boo tstrapp ing  only DM also 
leads to  re je c tio n  a t  the  one per cent level. In Table 5.2, all 
estim ation  m ethods r e je c t  the  null hypothesis a t  the  one per cent 
level.
Across estim ation  m ethods, the  LM(1) te s t  fo r  se ria l co rre la tio n  
suggests  th a t  the  d istu rbances of the  unemployment equation a re  
u n co rre la ted . While th e re  a re  su b s tan tia l d iffe ren ces  in the  s tan d a rd  
e r ro r  e s tim a tes  betw een the Correct(D ) and the  C orrect(S ) m ethods, 
the  choice of e s tim a te  does not a f fe c t  the  conclusions. The RESET(2) 
te s t  fo r  functional form  m isspecifica tion  is in sign ifican t ac ro ss  all 
estim ation  p rocedures, thereby  suggesting the model is not
m isspecified.
5.4. T h r e e -E q u a t io n  S y s te m
The th re e -e q u a tio n  system  includes a governm ent expenditure
equation  to  account f  o r the  f  a c t th a t  individuals cannot f  o recas t 
p e rfe c tly  the  level of rea l fed e ra l governm ent expenditure . The
governm ent expend itu re  equation is given by
DG = S + 8 DG + 5 UN + 5  WAR + DGR (5.4)
t 0 1 t-l 2 t-1 3 t t
w here DG is the  ac tu a l r a te  of grow th  of rea l fed e ra l governm ent
expend itu re  and WAR is a dummy variab le  m easuring the  in ten s itie s  of 
d if fe re n t w ars. In specifying the  governm ent expenditu re  equation, it
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is im plicitly  assum ed th a t  the value of WAR  ^ is p e rfec tly  p red ic tab le  
a t  tim e t-1 . In assum ing th a t  FEDV^ can be an tic ipa ted  p e rfec tly  a t 
tim e t-1 , B arro  (1977) assum ed, in e ffe c t, th a t  DGR^ = 0 fo r  all 
observations.
The es tim a tes  of the th ree -eq u a tio n  system  w ill be p resen ted  in 
tw o ca tegories: namely, non-sequen tia l OLS estim ation  w ith a lgebraic  
m anipulation of the  OLS residua ls  of the  money grow th  equation, and 
sequen tia l OLS estim ation .
5.4.1. N o n - s e q u e n t i a l  OLS E s t im a t io n  w i t h  A lge br a ic  
M a n ip u la t io n
This method, as  used in P esaran  (1982, 1988), Rush and Waldo 
(1988) and McAleer and McKenzie (1990), uses equation (5.1) fo r  money 
g row th  es tim ated  over the  period 1941-1973 using FEDV^ and ignoring 
any co rrec tio n  th a t  should be made fo r  E FEDV . The OLS residua ls
J t-i t
from  th is  equation a re  then a lgeb raica lly  m anipulated fo r  use in the 
unemployment equation to  account fo r  the  fa c t  th a t  E  ^ ^FEDV^ = FEDV^ 
-  0.8  DGR^ * FEDV^ (see P esaran  (1982, p.539)), w here DGR is the 
e r ro r  te rm  in th e  governm ent expenditure  equation (5.4). A fter 
e s tim a tin g  the  governm ent expenditu re  equation, the  m anipulated 
res id u a ls  of the money grow th  equation can then  be re w rit te n  as
DMR = DMR + (0 .8 )a  DGR
t t 4 t
in which DMR is th e  OLS residua l from  the  money g row th  equation and 
a  is the  OLS es tim a te  of a  corresponding to  the  FEDV variab le  in
4 4 t
the  money grow th  equation. The OLS estim a tes  of the  money grow th
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equation a re  the  sam e as those in B arro (1977, p.104), namely 
DM = 0 .0 8 8  + 0 .240 DM + 0.346 DM + 0 .028 UN
t  t - l  t - 2  1-1
( 0 . 0 3 1 )  ( 0 . 1 5 0 )  ( 0 . 1 2 7 )  ( 0 . 0 1 0 )
+ 0.082  FEDV + DMR (5.5)
t  t
( 0 . 0  1 5 )
R2 = 0.899, SE = 0.0205, LM(1) = 3.159, RESET(2) = 1.225.
(S tandard  e rro rs  in paren theses)
E stim ating  the  governm ent expenditure  equation (5.4) using OLS over 
the  period 1943-73 yields
DG = 0.257 + 0.319 DG + 0.068 UN -  0.124 WAR
t  i - i  t - i  t
( 0 . 1 1 4 )  ( 0 . 0 5 5 )  ( 0 . 0 3 6 )  ( 0 . 0 1 2 )
+ DGR (5.6)
t
R2 = 0.869, SE = 0.0786, LM(1) = 0.113, RESET(2) = 0.016.
(S tandard  e r ro rs  in paren theses)
The a lgeb ra ica lly -m an ipu la ted  res idua ls  to  be used in the  
unemployment equation  a re  DMR  ^ = DMR  ^ + (0.8)(0.082)DGR^, so th a t  the  
unemployment equation of equation (5.2) can be re w ritte n  as
UN = ß  + ß  MIL + ß  MINW + ß DMR + ß  DMR
t  0 1 1 2  1 3  1 4 t - l
+ ß  DMR + u . (5.7)
5 t - 2  t
P aram e te r e s tim a tes  fo r  the  unemployment equation (5.7) over the 
period  1946-73 a re  rep o rted  in Table 5.3, w ith  the  corresponding FIML 
es tim a tes  fo r  the  governm ent expenditu re  and money grow th  equations 
rep o rted  in Appendix 5. A. Q ualitative re la tionsh ip s  betw een the 
es tim a tes  from  using d iffe re n t m ethods a re  essen tia lly  unchanged. The 
C orrec t OLS s ta n d a rd  e r ro rs  w ith  n *  n , C orrect(D ), a re  sm aller
e s
th an  the  c o rre c t s ta n d a rd  e r ro rs  w ith  n = n , C orrect(S ), as
e s
expected, although the  gap betw een the  tw o is n a rro w er than  fo r  the
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tw o-equation system. (The procedure fo r calculating the Correct OLS 
standard  e rro rs  fo r n = n as well as n *  n is given in Appendixe s  e s
5.B.) The percentage differences between the OLS standard  e rro rs  fo r 
the estim ated coefficients, excluding the in tercept, are  0.0, 11.3, 
32.4, 10.6, and 17.7.
An im portant resu lt in th is case is th a t the s ta tis tic a l 
significance of DMR  ^ depends on which of the two Correct OLS standard  
e rro rs  is used. For FIML and the th ree bootstrap methods, DMR  ^ is 
highly significant. The original OLS standard  e rro r is co rrect only 
fo r the coefficient of the cu rren t unanticipated variable, DMR .^ In 
th is case, the original OLS standard  e rro r is very sim ilar to th a t of 
FIML, as expected, and close to th a t given by the Boot method. 
Moreover, DMR  ^  ^ is also significant using FIML. The Boot estim ates 
of the regression coefficients are  sim ilar to those of OLS, and the 
standard  e rro rs  are  closer to, but always sm aller than, the 
downward-biased OLS standard  e rro rs . The 2S-Boot method fo r the DM 
process again produces standard  e rro r estim ates between those of FIML 
and those of Correct OLS. Bootstrapping only DM again produces much 
la rger standard  e rro rs  fo r the DMR variables.
The CHI(2) s ta tis tic  re je c ts  the null hypothesis th a t the
coefficients of MINW and MIL are  jointly  zero across all estim ation 
procedures a t the one per cent level. The diagnostic te s t fo r serial 
correlation  is insignificant in all cases. However, the RESET(2) te s t 
of no functional form  m isspecification is marginally significant 
using FIML. Again th e re  are  marked movements in the te s t s ta tis tic s  
depending on the choice of the method of estim ation and computation 
of the Correct OLS standard  erro rs.
243
5 .4 .2 . S e q u e n t i a l  OLS E s t im a t io n
This method e stim a tes  the  th ree -eq u a tio n s  sequentially . In th is  
case, E  ^ ^FEDV^ = FEDV^ -  0 .8  DGR^ is used in the  money grow th 
equation, so th a t  the  res id u a ls  of th is  equation need not be 
a lgeb ra ica lly  m anipulated  fo r  use in the  unemployment equation. The 
governm ent expenditu re  equation is estim ated  over the  period 1943-73. 
The OLS es tim a tes  of the  money grow th  equation over 1943-73 
inco rpo ra ting  the  res id u a ls  of the  governm ent expenditu re  equation in 
E FEDV a re  given by
t-i t
DM = 0.149 + 0.295 DM + 0.433 DM + 0 .049 UN
t t-l t-2 t-1
( 0 . 0 4 4 ) ( 0 . 1 4 5 ) ( 0 . 1 3 5 ) ( 0 . 0 1 5 )
+ 0.089 E FEDV + DMR (5.8)
t-i t t
( 0 . 0 1 5 )
R2 = 0 .884, SE = 0 .0200, LM(1) = 0.507, RESET(2) = 0.797.
(S tandard  e r ro rs  in paren theses)
For purposes of analysing th is  equation, the  expecta tions 
equation  re la te s  to  governm ent expenditure  and the s tru c tu ra l  
equation  re la te s  to  money grow th. Given the g enera ted  reg re sso r  
problem , tw o se ts  of s ta n d a rd  e rro rs  a re  available, namely the 
in co rrec t OLS s ta n d a rd  e r ro rs  and the  C orrec t OLS stan d a rd  e r ro rs  
w ith  n = n . There is no d iffe ren ce  to  th re e  decim al p laces betw een
e s
th e  tw o se ts  fo r  th is  equation, implying th a t  the  g enera ted  reg re sso r  
b ias is only sm all betw een these  tw o equations. To e stim a te  the 
unemployment equation, both the  governm ent expenditu re  and money 
g row th  equations re la te  to  expecta tions and the  unemployment equation 
to  the  s tru c tu re . The p a ram ete r e s tim a tes  fo r  the  unemployment 
equation  over 1946-1973 a re  rep o rted  in Table 5.4. The FIML estim a tes
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in Tables 5.3 and 5.4 are identical because the money growth equation 
is estim ated with ^FEDV  ^ as an explanatory variable in both cases.
There appears to be only marginal qualitative differences in the 
resu lts  between Tables 5.3 and 5.4. The Correct OLS standard  e rro rs  
w ith n * n , Correct(D), remain less than, although close to, the
e s
Correct OLS standard  e rro rs  with n = n , Correct(S). The percentage
e s
differences between the standard  e rro rs  fo r the estim ated 
coefficients, ignoring the in tercept, are  0.8, 7.9, 23.1, 8.7, and
23.4. The corrections used in th is case do not a ffec t the qualitative 
resu lts. Comparing the param eter estim ates across the two tables, it 
is clear th a t the use of the algebraic manipulation does not have
significant e ffec ts  on the param eter estim ates. Taking Tables 5.1 and 
5.2 into account, i t  also follows th a t the inclusion of the th ird
equation does not have significant e ffec ts  on the param eter 
estim ates.
What is im portant in Table 5.4 is th a t the CHI(2) te s t re jec ts  
the null hypothesis th a t ß  ^ = ß^ = 0 only fo r OLS, FIML and Boot a t 
the one per cent level. However, using the Correct OLS standard
e rro rs , the conclusion depends upon the choice of the significance 
level and w hether the same or d ifferen t numbers of observations are 
used in calculating the co rrect standard  erro rs . Using the same
number of observations in * the expectations and s tru c tu ra l equations 
leads to  acceptance of the null hypothesis a t the five per cent 
level, whereas using d ifferen t numbers of observations leads to 
acceptance (rejection) of the null hypothesis a t the one (five) per 
cent level. The 2S-Boot methods also re je c t the null hypothesis a t 
the five (but not a t the one) per cent level. The diagnostic te s ts
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fo r  se ria l c o rre la tio n  and functional form  m isspecification  support 
the  re levan t null hypotheses fo r  a ll m ethods of estim ation  and 
com putation of the  covariance m atrix .
An in te re s tin g  re su lt  to  em erge from  th is  em pirical exam ple is 
th a t , in a ll cases considered, the  Boot procedure u n d e r-e s tim a tes  the  
s ta n d a rd  e r ro rs  fo r  a ll the  estim ated  p a ram ete rs , even re la tiv e  to  
the  dow nw ard-b iased  OLS s ta n d a rd  e rro rs . Evidence from  Hoffman et al. 
(1984) and C hapter Four (McAleer and Sm ith (1990)) suggests th a t  FIML 
its e lf  has a dow nw ard b ias in the  estim ation  of s tan d a rd  e rro rs . 
Another in te re s tin g  f  e a tu re  to  em erge is th a t  the  C orrec t OLS 
s ta n d a rd  e r ro rs  w ith  n * n , Correct(D ), can lie considerably  below 
the c o rre c t s ta n d a rd  e r ro r s  w ith  n = n , C orrect(S ). Both s tan d a rd
e s
e r ro r  e s tim a tes  a re  c o rre c t, based on the  in effic ien t OLS method, but 
those w ith  n * n a re  m ore e ff ic ie n t th rough the  use of e x tra
e s
observations in com puting the  covariance m atrix . With these  re su lts  
in mind, i t  should be em phasized th a t  a s ig n ifican t coeffic ien t fo r  a 
given variab le  may be obtained by simply es tim ating  the  money grow th 
equation over a  much longer sam ple period th an  used f  o r the  
unemployment equation, and then using the  additional observations in 
ca lcu la ting  the  covariance m atrix . For extensive Monte Carlo evidence 
regard ing  th is  possib ility , see C hapter Four (McAleer and Smith 
(1990)).
5.5. C o n c lu d in g  R em ark s
Models w ith  genera ted  re g re sso rs  p resen t econom etric problem s 
since the  conventional fo rm u la  fo r  the  2 -s te p  OLS s ta n d a rd  e r ro rs  is 
dow nw ard-b iased . FIML or the  C orrec t 2 -s te p  OLS procedure a re
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availab le to  obtain  consisten t s tan d a rd  e rro rs . Using B arro ’s (1977) 
money grow th  and unemployment equations, th is  ch ap te r has shown th a t 
em pirical re su lts  and conclusions from  these can d iffe r  across 
a lte rn a tiv e  estim ation  m ethods. In p a rtic u la r , if  the  expecta tions 
equation is es tim a ted  over a longer sam ple period than  the  s tru c tu ra l  
equation, the  choice as to  w hether to  use the  same or d iffe re n t 
num bers of observations fo r  the  expecta tions and s tru c tu ra l  equations 
in ca lcu la ting  the  covariance m a tr ix  of the  es tim ated  coeffic ien t of 
the  s tru c tu ra l  equation can lead to  s ign ifican t d iffe ren ces  in the 
em pirical re su lts .
The Boot m ethod, which is used as an a lte rn a tiv e  m ethod fo r  
ca lcu la ting  the  s ta n d a rd  e rro rs , yielded e s tim a tes  consisten tly  below 
the  dow nw ard-b iased  OLS s ta n d a rd  e rro rs . However, the  2S-Boot m ethod 
of boo tstrapp ing  the  DM process yielded s tan d a rd  e r ro rs  which w ere 
la rg e r  th an  those produced by FIML but sm aller than  those produced by 
the  consis ten t (but in effic ien t) C orrec t OLS method. The 2S-Boot 
m ethod of boo tstrapp ing  only the  dependent variab le  yielded la rg e r  
s ta n d a rd  e r ro rs  fo r  the  unan tic ipated  money grow th  variab les, which 
w ere sim ila r to  those fo r  the  C orrec t OLS method. T herefo re , while 
the  a lte rn a tiv e  2S-Boot m ethods may provide usefu l a lte rn a tiv e  
approaches fo r  com putation of the  s ta n d a rd  e rro rs , th e re  seem s to  be 
l i t t le  use fo r  the  m ore sim ple Boot method, a t  lea s t fo r  linear 
models w ith  gen era ted  reg re sso rs .
In sum m ary, i t  is possible to  obtain  d iffe re n t em pirical re su lts  
by a lte r in g  the  sam ple period and m ethod of estim ation , as well as 
the  m ethod of com puting the  C orrec t OLS stan d a rd  e r ro rs  using the 
sam e or d if fe re n t num bers of observations fo r  the  expecta tions and
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s tru c tu ra l equations. Therefore, B arro’s empirical resu lts  and 
inferences are  not robust to variations in all of these options.
Appendices 5.C and 5.D report the resu lts  fo r the Barro model 
using the longer sample period up to 1985 which was considered by 
Rush and Waldo (1988), Pesaran (1988) and McAleer and McKenzie 
(1990). The tables in Appendix 5.C are  identical in form at to those
of Tables 5.1-5.4. The resu lts  using th is longer sample period show
th a t there remain large d ifferences between the incorrect OLS (and 
Boot) standard  e rro rs  and those produced by the other estim ation
procedures. It is no longer the case th a t the 2S-Boot standard  e rro rs  
always lie in between those of OLS and Correct OLS, with the 2S-Boot 
standard  e rro rs  la rger than those fo r Correct OLS on some of the 
unanticipated money grow th variables. Despite the d ifferences in the 
standard  e rro r  estim ates, which remain large the Barro model is
markedly more robust compared with the resu lts  f  or the shorter
period. In Table 5.C.1 the percentage differences between the
standard  e rro rs  of Correct(S) and Correct(D), excluding the
in tercept, are  (2.8, 11.2, 30.2, 6.8, 17.1). These percentages are
sm aller than those reported  earlie r in the te x t as the three
additional observations used in calculating Correct(D) is a sm aller 
proportion of the to ta l number of observations available. The CHK2) 
te s t  s ta tis tic  fo r the hypothesis th a t the coefficients on MIL and 
MINW are  jointly  zero is unambiguously re jec ted  across all estim ation 
procedures. In addition, very few te s t s ta tis tic s  fo r individual
coefficients change from  being significant to insignificant between 
the d ifferen t estim ation procedures.
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Table 5.1
Estimates of UN in the Two-Equation System 
DM over 1943-73, UN over 1946-73
Regressor
Sequential OLS Correct OLS SE FIML
Coeff SE S D Coeff SE
Intercept -2.973 0.159 0.352 0.295 -2.844 0.206
MILt -3.567 0.864 1.505 1.457 -5.295 1.086
MINW t 0.414 0.469 0.931 0.779 0.323 0.558
DMRt -4.291 2.155 4.870 2.953 -4.820 2.044
DMRt - l -10.93 2.084 2.523 2.297 -12.57 1.786
DMRt - 2 -1.445 1.883 2.901 2.196 -5.619 2.205
RESET(2) 0.0796 . 0519 . 1895 1.5726
LM (1) 0.9766 . 0813 . 5099 0.0724
CHI(2) 18.564 8.532 11.29 23.856
Correct OLS SE (S) : n = n =28; Correct OLS SE (D) : n = 31, n =28.e s  e s
Boot 2S-Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -2.966 0.142 -2.979 0.228 -2.972 0.236
MILt -3.591 0.801 -3.584 1.304 -3.550 1.239
MINW t 0.377 0.420 0.433 0.720 0.415 0.683
DMRt -4.243 1.925 -4.328 2.261 -4.294 2.723
DMRt - l -10.98 1.933 -10.92 2.206 -10.93 2.759
DMRt - 2 -1.377 1.669 -1.434 2.323 -1.510 2.853
CHI(2) 25.041 8.868 9.360
Note: The RESET(2) test for functional form misspecification is 
asymptotically distributed as standard normal.
The LM(1) test for first-order serial correlation is 
asymptotically distributed as chi-squared with one degree 
of freedom.
The CHI(2) statistic, which is asymptotically distributed 
as chi-squared with two degrees of freedom, tests the joint 
significance of MIL and MINW, that is, whether the natural 
rate of unemployment is constant.
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Table 5.2
Estimates of UN in the Two-Equation System 
DM over 1941-73, UN over 1946-73
Regressor
Sequential OLS Correct OLS SE FI ML
Coeff SE S D Coeff SE
Intercept -3.078 0.146 0.471 0.371 -2.844 0.206
MIL t -4.637 0.791 1.728 1.580 -5.295 1.086
MINW t 0.970 0.456 1.307 0.988 0.323 0.558
DMRt -5.835 2.071 5.329 2.958 -4.820 2.044
DMRt - l -12.08 1.878 2.430 2.148 -12.57 1.786
DMRt - 2 -4.167 1.869 3.356 2.356 -5.619 2.205
RESET(2) 0.9515 . 1207 .3182 1.5726
LM (1) 0.2247 . 0083 . 0601 0.0724
CHI(2) 37.169 10.22 16.77 23.856
Correct OLS SE (S) : n = n =28; Correct OLS SE (D) : n = 33, n =28.e s  e s
Boot 2S-Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -3.082 0.133 -3.081 0.232 -3.079 0.142
MILt -4.665 0.688 -4.643 1.279 -4.648 1.279
MINW t 0.968 0.408 0.982 0.696 0.980 0.692
DMRt -5.816 1.794 -5.864 2.177 -5.864 2.674
DMRt - l -12.02 1.748 -12.09 2.189 -12.09 2.690
DMRt - 2 -4.001 1.677 -4.182 2.170 -4.207 2.652
CHI(2) 46.203 17.287 17.208
Note: The RESET(2) test for functional form misspecification is 
asymptotically distributed as standard normal.
The LM(1) test for first-order serial correlation is 
asymptotically distributed as chi-squared with one degree 
of freedom.
The CHI(2) statistic, which is asymptotically distributed 
as chi-squared with two degrees of freedom, tests the joint 
significance of MIL and MINW, that is, whether the natural 
rate of unemployment is constant.
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Table 5.3
Estimates of UN in the Three-Equation System 
DG over 1943-73, DM over 1941-73, UN over 1946-73
Regressor
Non-seq. OLS Correct OLS SE FIML
Coeff SE S D Coeff SE
Intercept -3.019 0.143 0.352 0.319 -2.844 0.203
MILt -4.060 0.778 1.547 1.547 -4.762 1.042
MINW t 0.658 0.438 0.952 0.844 0.212 0.541
DMRt -5.328 2.005 3.871 2.616 -4.068 1.918
DMRt - l -11.02 1.986 2.467 2.206 -11.76 1.776
DMRt - 2 -2.249 1.849 2.932 ' 2.413 -5.595 2.241
RESET(2) 1.8734 .2169 .4134 1.9583
LM (1) 0.8742 . 0386 .2709 0.5165
CHI(2) 29.226 9.808 10.97 22.444
Correct OLS SE (S) : n = n =28; Correct OLS SE (D) : n = 31, n =28.e s  e s
Boot 2S-Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -3.004 0.119 -3.016 0.245 -3.018 0.233
MIL t -4.050 0.690 -4.072 1.327 -4.066 1.325
MINW t 0.708 0.414 0.665 0.722 0.662 0.709
DMRt -5.369 1.789 -5.350 2.267 -5.322 2.582
DMRt - l -11.25 1.717 -11.00 2.258 -11.01 2.621
DMRt - 2 -2.077 1.685 -2.277 2.279 -2.278 2.615
CHI(2) 37.449 11.971 12.269
Note: The RESET(2) test for functional form misspecification is 
asymptotically distributed as standard normal.
The LM(1) test for first-order serial correlation is 
asymptotically distributed as chi-squared with one degree 
of freedom.
The CHI(2) statistic, which is asymptotically distributed 
as chi-squared with two degrees of freedom, tests the joint 
significance of MIL and MINW, that is, whether the natural 
rate of unemployment is constant.
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Table 5.4
Estimates of UN in the Three-Equation System 
DG over 1943-73, DM over 1943-73, UN over 1946-73
Regressor
Sequential OLS Correct OLS SE FIML
Coeff SE S D Coeff SE
Intercept -2.977 0.158 0.301 0.282 -2.844 0.203
MIL t -3.029 0.864 1.458 1.446 -4.762 1.042
MINW t 0.301 0.467 0.801 0.738 0.212 0.541
DMRt -4.439 2.144 3.427 2.636 -4.068 1.918
DMRt - l -10.21 2.214 2.676 2.444 -11.76 1.776
DMRt - 2 -0.417 1.906 2.974 2.278 -5.595 2.241
RESET(2) 0.4671 . 1904 .2771 1.9583
LM (1) 1.1707 . 1106 . 5978 0.2667
CHI(2) 13.082 4.508 6.345 22.444
Correct OLS SE (S) : n = n = 28; Correct OLS SE (D): n = 31, n = 28
Boot 2S-Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -2.979 0.149 -2.975 0.237 -2.981 0.232
MIL t -3.085 0.760 -3.071 1.311 -3.591 1.260
MINWt 0.322 0.423 0.300 0.704 0.377 0.714
DMRt -4.428 1.882 -4.401 2.221 -4.467 2.711
DMRt - l -10.31 2.016 -10.23 2.186 -10.24 2.776
DMRt - 2 -0.532 1:680 -0.395 2.248 -0.430 2.903
CHI(2) 17.598 6.544 7.286
Note: The RESET(2) test for functional form misspecification is 
asymptotically distributed as standard normal.
The LM(1) test for first-order serial correlation is 
asymptotically distributed as chi-squared with one degree 
of freedom.
The CHI(2) statistic, which is asymptotically distributed 
as chi-squared with two degrees of freedom, tests the joint 
significance of MIL and MINW, that is, whether the natural 
rate of unemployment is constant.
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Figure 5.1
Alternative Methods of 2-step Estimation (2SE) and Computation of the
Covariance Matrix of the Structural Equation
Criterion
Sample sizes 
used for 
Expectations 
and
Structural
Equations
Method of
Estimation
and
Manipulation 
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Expectations 
Equation 
for 2SE/0LS
Sample sizes 
used for 
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Covariance 
Matrix
Model
Same Different
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No
manipulation
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No
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Sequential
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Note: B
Same Same Different Same Different
Correct Correct Correct Correct 
2SE/0LS 2SE/0LS 2SE/0LS 2SE/0LS 
{M+M} {NA> {NA} {M+T}
Consistent 
HLS 
L,M 
M+M 
M+T
Barro (1977, 1978, 1979, 1981), HLS
Manipulation
Non-sequential 
2SE/0LS
Same Different
Correct Correct 
2SE/0LS 2SE/0LS 
{NA} {NA>
2SE/0LS/ p I\R+WJ
Hoffman, Low and
Schlagenhauf (1984), L = Leiderman (1980), M = Mishkin (1982a, 1982b, 
1983) , M+M = McAleer and McKenzie (1990) , M+T = Murphy and Topel 
(1985), P = Pesaran (1982, 1988), R+W = Rush and Waldo (1988), S = 
Small (1979), NA = Not available in the literature.
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A p p e n d ix  5 .A: C o r re c t  OLS S ta n d a rd  E r r o r s
The fo rm u la  fo r  the  com puta tion  o f the  c o rre c t OLS standard  e rro rs  
w ith  n = n , denoted C orrec t(S ), is a s tra ig h tfo rw a rd  extension o f
e s
th a t presented in  Pagan (1984) fo r  the  tw o -e q u a tio n  system. For the 
th re e -e q u a tio n  system  used here, s e ttin g  ß S *7 = (ßQ, ß , ß , ß^, ß^, 
ß ), the  fo rm u la  is given by
V ar (ß) = ($ 7$) V W S 7# ) '1 (5.A.1)
in  w h ich
$ = [1 : M IL : MINW : DMR : DMR : DMR ]
-1 -2
V = (TZI e
2 * 2  7
+ <r S S7 + a <r S S7
DMR 1 1 4 DGR 2 2
(5.A .2)
*
and a =4
A A
( -0 .8 )a  . In  equation (5 .A .2), a
4 4
= 0.082 in  the
non-sequen tia l case (see equation (5.5)) and a = 0.089 in  the
4
sequen tia l case (see equation (5 .8)): estim ates o f the  e r ro r
2 2 2variances cr , cr , cr a re  obta ined fro m  Table 5.3 and equations
C DMR DGR n
(5.5) and (5.6) fo r  the  non-sequen tia l case, and fro m  Table 5.4 and 
equations (5.8) and (5.6) fo r  the  sequen tia l case;
S = (ß G + ß G + ß G ) ( G 'G r V
1 3 4 - 1 4  - 2
in  w h ich
G = [1 : DM : DM : DM : UN : (FEDV -  0 .8  DGR)]
-1  -2  -1
and DGR is  the OLS re s id u a l fro m  the  governm ent expend itu re  equation;
S = S (I -  M) -  [ß W + ß W + ß W ]  (W 'W ) '1 W7
2 1 3 4 - 1 5 - 2
in  w h ich
W = [1 : DG : UN : WAR]
- l  - l
M = I -  W (W 'W ) '1 W7.
A ll m a trices  use on ly the tw e n ty -e ig h t observations over w h ich  the 
unem ploym ent equation is  estim ated .
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The fo rm u la  fo r  c a lcu la tin g  the c o rre c t s tandard  e rro rs  w ith  n
e
*  n , denoted C o rrec t(D ), is id e n tica l f o r  the non-sequen tia l and
s
sequen tia l cases. For the non-sequen tia l case, a lthough th e re  are 
th re e  equations es tim a ted  over th ree  d if fe re n t  sample periods, the 
covariance m a tr ix  fo r  the  s tru c tu ra l equation inco rpo ra te s  on ly the 
th re e  e x tra  observa tions fo r  w h ich  the money g ro w th  and governm ent 
expend itu re  equations are both  defined. When n *  n , the  fo rm u la  fo r
e s
the  covariance m a tr ix  o f the  estim ates o f the  s tru c tu ra l equation is
w r it te n  as (5.A.1) and (5 .A .2), w ith  the m a trices  S and S now
1 2
de fined  as:
S = (ß G + ß G + ß G ) (G 'G  ) 1G/
1 3 4 - 1 4 - 2  o o  o
in  w h ich  G and G  ^ is  a (3 x 6) m a tr ix  fo r  the  f i r s t  th ree
observa tions used in  e s tim a tin g  the money g ro w th  equation: in  the
non-sequen tia l case, a lthough th e re  a re  an e x tra  f iv e  observations 
ava ilab le  fo r  e s tim a tin g  the  money g ro w th  equation, the  covariance 
m a tr ix  re q u ire s  the va ria b le  (FEDV^ -  DGR^), fo r  w h ich  the re  are  only 
th re e  e x tra  observa tions;
S2 = S ^ I  -  Mq) -  [ß3 W + ß^ W i + ßs W \ (WoW0)1W o
in  w h ich  W and W is  a (3x4) m a tr ix  o f the  e x tra  observationsl
used in  e s tim a tin g  the  governm ent expend itu re  equation. For fu r th e r  
d e ta ils  in  a genera l co n te x t, see McKenzie and McAleer (1990).
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A p p e n d i x  5.B: FIML E s t im a t e s  f o r  th e  T w o -  and T h r e e - E q u a t i o n  S y s te m s  
T w o - E q u a t io n  S y s t e m
The FIML estim a tes  fo r  the money grow th  equation estim ated  over the 
period 1946-1973 a re  given by
DM = 0 .093 + 0.396 DM + 0.204 DM + 0 .029 UNt t-l t-2 t-1
( 0 . 0 2 0 ) ( 0 . 1 2 4 ) ( 0 . 1 0 7 ) ( 0 . 0 0 7 )
+ 0.081 FEDV + res idua lst
( 0 . 0 1 3 )
RESET(2) = 1.924, LM(1) = 0.062.
(S tandard  e r ro rs  in paren theses)
T h r e e - E q u a t i o n  S y s t e m
The FIML es tim a tes  fo r  the  governm ent expenditure  and money grow th  
equations es tim ated  over the  period 1946-1973 a re  given by 
DG = -0 .055  + 0.301 DG -  0.035 UN -  0.142 WARt t-i t-i t
( 0 . 1 5 6 ) ( 0 . 0 5 8 ) ( 0 . 0 5 0 ) ( 0 . 0 1 1 )
+ residua ls
RESET(2) = 0.927, LM(1) = 1.295
DM = 0 .093  + 0.464 DM ♦ 0.125 DM + 0.028 UN t t-l t-2 t-l
( 0 . 0 2 1 ) ( 0 . 1 2 1 ) ( 0 . 1 0 3 ) ( 0 . 0 0 7 )
+ 0.066  E FEDV + residua lst-i t
( 0 . 0 1 1 )
RESET(2) = 1.628, LM(1) = 1.002.
(S tandard  e r ro rs  in paren theses)
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Appendix 5.C: Estimating UN Equations
Table 5.C.1
Estimates of UN in the Two-Equation System
DM over 1943-85, UN over 1946-85
Regressor
Sequential OLS Correct OLS SE FIML
Coeff SE S D Coeff SE
Intercept -2.900 0.140 0.300 0.266 -2.800 0.187
MIL t -5.396 0.673 1.500 1.409 -5.662 0.905
MINW t 0.657 0.350 0.730 0.648 0.406 0.448
DMR t -5.856 1.664 2.955 2.062 -5.057 1.525
DMR t - l -10.54 1.617 1.915 1.784 -11.34 1.481
DMR t - 2 -4.174 1.592 2.252 1.870 -5.678 1.763
RESET(2) 0.0796 .0519 . 1895 1.5726
LM (1) 0.9766 . 0813 .5099 0.0724
CHI(2) 123.17 25.87 26.27 100.52
Correct OLS SE (S) : n = n =40; Correct OLS SE (D): n =43, n =40.e s  e s
Boot 2S-Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -2.902 0.120 -2.901 0.250 -2.901 0.227
MIL t -5.413 0.604 -5.398 1.129 -5.410 1.103
MINW t 0.653 0.326 0.658 0.683 0.660 0.592
DMR t -5.724 1.530 -5.840 2.723 -5.868 2.462
DMR t - l -10.56 1.540 -10.50 2.759 -10.54 2.515
DMR t - 2 -4.111 1.464 -4.212 2.853 -4.185 2.452
CHI(2) 149.32 48.29 47.97
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Table 5.C.2
Estimates of UN in the Two-Equation System 
DM over 1941-85, UN over 1946-85
Regressor
Sequential OLS Correct OLS SE FIML
Coef f SE S D Coef f SE
Intercept -3.059 0.154 0.342 0.292 -2.800 0.187
MIL t -5.490 0.731 1.590 1.531 -5.662 0.905
MINW t 1.152 0.388 0.844 0.706 0.406 0.448
DMRt -5.811 1.858 2.887 2.126 -5.057 1.525
DMR t - l -11.05 1.782 2.047 1.938 -11.34 1.481
DMR t - 2 -5.072 1.816 2.484 2.112 -5.678 1.763
RESET(2) 0.9515 . 1207 .3182 1.5726
LM (1) 0.2247 . 0083 . 0601 0.0724
CHI(2) 124.03 26.77 25.16 100.52
Correct OLS SE (S): n = n = 40; Correct OLS SE (D): n = 45, n = 40.e s e s
Boot 2 S—Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -3.058 0.133 -3.060 0.229 -3.062 0.225
MIL t -5.510 0.624 -5.496 1.115 -5.815 1.090
MINW t 1.148 0.376 1.150 0.582 1.160 0.583
DMR t -5.739 1.815 -5.822 1.975 -5.826 2.358
DMR t - l -11.18 1.578 -11.05 1.937 -11.07 2.355
DMR t - 2 -4.967 1.578 -5.096 1.967 -5.079 2.410
CHI(2) 151.09 59.62 60.13
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Table 5.C.3
Estimates of UN in the Three-Equation System 
DG over 1943-85, DM over 1941-85, UN over 1946-85
Regressor
Non-seq. OLS Correct OLS SE FIML
Coef f SE S D Coef f SE
Intercept -3.050 0.153 0.296 0.276 -2.856 0.179
MIL t -5.015 0.727 1.444 1.429 -5.186 0.887
MINW t 1.064 0.386 0.734 0.682 0.509 0.427
DMR t -5.907 1.825 2.330 2.021 -4.908 1.478
DMR t - l -10.28 1.787 2.157 1.958 -10.84 1.446
DMR t - 2 -3.557 1.767 2.388 2.050 -5.287 1.866
RESET(2) 1.8734 .2169 .4134 1.9583
LM (1) 0.8742 . 0386 .2709 0.5165
CHI(2) 106.99 25.36 26.01 118.28
Correct OLS SE (S): n = n = 40; Correct OLS SE (D): n = 43, n = 4 0e s  e s
Boot 2S-Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -3.045 0.140 -3.048 0.250 -3.051 0.225
MIL t -5.279 0.665 -5.035 1.134 -5.032 1.084
MINW t 1.080 0.381 1.058 0.623 1.061 0.580
DMR t -5.667 1.735 -5.899 1.968 -5.901 2.224
DMR t - l -10.20 1.651 -10.31 1.868 -10.23 2.378
DMR t - 2 -3.595 1.750 -3.552 1.959 -3.563 2.338
CHI(2) 132.92 49.95 51.56
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Table 5.C.4
Estimates of UN in the Three-Equation System 
DG over 1943-85, DM over 1943-85, UN over 1946-85
Regressor
Sequential OLS Correct OLS SE FIML
Coeff S.E. S D Coeff SE
Intercept -2.932 0.145 0.283 0.263 -2.856 0.179
MIL t -5.098 0.697 1.414 1.399 -5.186 0.887
MINW t 0.695 0.365 0.695 0.642 0.509 0.427
DMR t -5.859 1.697 2.426 1.976 -4.908 1.478
DMR t - l -10.05 1.685 2.091 1.877 -10.84 1.446
DMR t - 2 -3.081 1.629 2.407 1.917 -5.287 1.866
RESET(2) 0.4671 . 1904 .2771 1.9583
LM (1) 1.1707 .1106 . 5978 0.2667
CHI(2) 103.23 23.72 24.23 118.28
Correct OLS SE (S): n = n = 40; Correct OLS SE (D): n = 43, n =40.e s  e s
Boot 2S-Boot
Regressor DM Process Only DMCoeff SE Coeff SE Coeff SE
Intercept -2.944 0.125 -2.929 0.255 -2.926 0.255
MIL t -5.090 0.619 -5.086 1.166 -5.138 1.066
MINW t 0.745 0.372 0.682 0.629 0.687 0.617
DMR t -5.612 1.747 -5.824 2.066 -5.857 2.296
DMR t - l -9.921 1.601 -10.06 2.006 -10.08 2.301
DMR t - 2 -3.022 1.547 -3.146 2.069 -3.061 2.308
CHI(2) 119.59 46.39 44.09
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A p p e n d ix  5.D: OLS a n d  FIML E s t im a te s  f o r  th e  T w o - a n d  T h r e e - E q u a t io n  
S y s te m s
T w o -E q u a t io n  S y s te m
The FIML es tim a tes  fo r  the money grow th  equation estim ated  over the 
period  1946-1985 a re  given by
DM = 0.105 + 0.342 DM + 0.264 DM + 0.034 UN (5.D.1)
t t-l t-2 t-1
( 0 . 0 1 1 ) ( 0 . 1 1 3 ) ( 0 . 0 9 4 ) ( 0 . 0 0 4 )
+ 0.087 FEDV + res idua ls
t
( 0 . 0 1 2 )
RESET(2) = 1.924, LM(1) = 0.062.
(S tandard  e rro rs  in paren theses)
The OLS es tim a tes  f  or the  money grow th  equation f  or the  period 
1941-1985 a re  given by
DM = 0 .089  + 0.226 DM + 0.355 DM + 0 .028 UN (5.D.2)
t t-l t-2 t—1
( 0 . 0 1 9 ) ( 0 . 1 2 1 ) ( 0 . 1 0 4 ) ( 0 . 0 0 7 )
+ 0.083  FEDV + residua ls  
( 0 . 0 1 2 )
RESET(2) = 1.924, LM(1) = 0.062.
(S tandard  e rro rs  in paren theses)
For the  period 1943-1985 the  OLS estim ates  a re
DM = 0.107 + 0.174 DM + 0.415 DM + 0.035 UN (5.D.3)
t t-l t-2 t-l
( 0 . 0 2 0 ) ( 0 . 1 1 8 ) ( 0 . 1 0 2 ) ( 0 . 0 0 7 )
+ 0.101 FEDV + res idua ls
( 0 . 0 1 4 )
RESET(2) = 1.924, LM(1) = 0.062.
(S tandard  e r ro rs  in paren theses)
T h r e e -E q u a t io n  S y s te m
The FIML es tim a tes  fo r  the  governm ent expenditu re  and money grow th  
equations e s tim a ted  over the  period 1946-1985 a re  given by
DG = -0 .0 6 6  + 0.311 DG -  0 .038 UN -  0.142 WAR (5.D.4)
t t-l t-l t
( 0 . 0 8 4 ) ( 0 . 0 5 1 ) ( 0 . 0 2 9 ) ( 0 . 0 0 9 )
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+ residua ls
RESET(2) = 0.927, LM(1) = 1.295,
DM = 0.112 + 0.382 DM + 0.226 DM + 0.036 UN (5.D.5)
t  t —1 t - 2  t - 1
( 0 . 0 1 3 )  ( 0 . 1  1 7 )  ( 0 . 0 9 5 )  ( 0 . 0 0 4 )
+ 0.073 E FEDV + res idua ls
t - i  t
( 0 . 0 1 1 )
RESET12) = 1.628, LM(1) = 1.002.
(S tandard  e rro rs  in paren theses)
The OLS es tim a tes  fo r  the  governm ent expenditure  and money grow th  
equations es tim a ted  using the non-sequen tia l p rocedure over the  
periods 1943-1985 and 1941-1983, respectively , a re  given by (5.D.2) 
and (5.D.6), namely
DG = 0.130 + 0 .306 DG -  0.031 UN -  0.128 WAR (5.D.6)
t  t - i  t - i  t
( 0 . 0 7 3 )  ( 0 . 0 4 8 )  ( 0 . 0 2 4 )  ( 0 . 0 1 0 )
+ residua ls
RESET(2) = 0.927, LM(1) = 1.295,
(S tandard  e rro rs  in paren theses)
The OLS es tim a tes  fo r  the  governm ent expenditure  and money grow th  
equations es tim a ted  using the sequen tial procedure over the  period 
1943-1985 a re  given by (5.D.6) and (5.D.7), namely
DM = 0.091 + 0 .230  DM ♦ 0.352 DM + 0 .032  UN (5.D.7)
t  t - 1  t - 2  t - 1
( 0 . 0 2 1 )  ( 0 . 1 2 1 )  ( 0 . 1 0 7 )  ( 0 . 0 0 8 )
+ 0 .092  E FEDV + res idua ls
t - i  t
( 0 . 0 1 4 )
RESET(2) = 1.628, LM(1) = 1.002.
(S tandard  e r ro rs  in paren theses)
The OLS and C orrec t OLS s ta n d a rd  e r ro r  e s tim a tes  fo r  (5.D.7) w ere the 
sam e up to  th re e  decim al points.
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CHAPTER SIX
ALTERNATIVE PROCEDURES FOR CONVERTING QUALITATIVE 
RESPONSE DATA TO QUANTITATIVE EXPECTATIONS:
AN APPLICATION TO AUSTRALIAN MANUFACTURING
6.1. Introduct ion
As com pared w ith  in d irec t m easures of the  expecta tions fo rm ation  
p rocess, d ire c t m easures have the  d is tin c t advantage of being e ith e r 
independent of, o r less re lia n t upon, the  specific  model used to
g en e ra te  the  expecta tions data . When d ire c t m easures a re  available 
only qua lita tive ly , as in the case of some survey responses, a 
specific  model is requ ired  to  convert the  qua lita tive  expecta tions
responses in to  a q u an tita tiv e  se rie s  f  o r purposes of em pirical
analysis.
This ch ap te r analyses and ex tends the  a lte rn a tiv e  m ethods 
availab le  fo r  converting q ua lita tive  response d a ta  to  q u an tita tiv e  
expecta tions. The purpose of a c r it ic a l review  is tw o-fo ld , namely to  
exam ine which m ethod provides the  best fo re c a s ts  and to  estab lish  
w hether the  re su lts  a re  robust to  the  conversion procedures used.
Both the  p robab ility  m ethod of Carlson and Park in  (1975) (C-P) 
and the  reg ressio n  m ethod of P esaran  (1984, 1987) a re  used to  convert 
th e  q u a lita tiv e  response d a ta  in to  q u an tita tiv e  expecta tions se ries. 
These tw o conversion m ethods a re  extended by allow ing expecta tions to  
have an asym m etric  response to  r ise s  and fa lls  in the  ac tua l 
variab les. Responses a re  also allowed to  vary  over tim e th rough  the 
use of the  tim e varying p a ram ete r p robab ility  model, thereby  enabling 
d if fe re n t behaviour as economic conditions change, such as during
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periods of high or low growth, or of relative stability . The
inf orm ational content of the expectations series is compared with 
simple time series models. It is found th a t the expectations models 
are  superior fo r many series, both in term s of producing lower 
fo recast root mean square e rro r (RMSE) values and in detecting 
turning points in the actual data. Expectations series are  also 
tested  fo r consistency with the rational expectations hypothesis 
(REH), whereby there is no unexploited relevant inform ation available 
in forming expectations. The unbiasedness and orthogonality te s ts  
include expectations as an explanatory variable. Since the
expectations are  generated through another equation and are measured 
subject to e rro r, the conventionally programmed OLS standard  e rro rs  
are  incorrect. Consequently, co rrect OLS standard  e rro rs  (correcting 
fo r the generated regressor) and Correct IV standard  e rro rs  
(correcting fo r the generated regressor and measurement e rro r) are 
also presented. The resu lts  d iffe r across the alternative conversion 
procedures used, w ith a dynamic version of P esaran’s nonlinear 
regression model, combining asymmetric behaviour in response to 
anticipated rises  and fa lls  in the variables together with a time 
varying param eter model, em pirically dominant.
The plan of the chapter is as follows. Issues and problems 
associated w ith qualitative responses are  examined in Section 6.2. 
A ustralian m anufacturing data  to be used in the em pirical estim ation 
are  discussed in detail in Section 6.3. The generated regressor 
problem which arises from  having unobserved explanatory variables is 
analysed in Section 6.4, together w ith a description of the
unbiasedness and orthogonality te s ts  of the rationality  hypothesis. 
Alternative conversion procedures are evaluated and extended in
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Section 6.5. Concluding rem arks are  given in Section 6.6.
6.2. Q u a li ta tiv e  R e sp o n se s : I s s u e s  an d  P ro b le m s
The testing  of an expectations form ation hypothesis has tended 
to be split into the use of either d irect expectations data  or 
indirect expectations data, w ith the la tte r  being fa r  more prevalent 
in the lite ra tu re . Adaptive expectations are  often approxim ated by 
lags of the actual variable. Similarly, te s ts  of the REH have been 
indirect te s ts , based on model consistent expectations (MCE) which 
are  not invariant to the model specification used. These MCE equate 
individual subjective expectations to  the objective expectations of 
the model. A number of implicit assumptions are  necessary in using 
MCE: namely, knowledge of the inform ation set, homogeneity of
inform ation across individuals, and knowledge of the "correct" 
s tru c tu ra l model and its  coefficients. It is the use of these 
re s tric tiv e  assumptions which is an unappealing aspect of such 
indirect te sts . The effects  of specification are crucial in the REH 
debate. Barro (1977, 1978, 1981), Mishkin (1982a), Barro and Rush
(1980), Pesaran (1982, 1988), and Rush and Waldo (1988) have all
examined B arro’s New Classical model of unemployment in term s of 
model specification and dynamic s truc tu re , with the rejection  or 
otherw ise of the REH being sensitive to the specification used.
In line w ith th is criticism , Pesaran (1987, p.207) argues: "Only 
when d irect observations on expectations are  available is it possible 
to  sa tisfac to rily  compare and con trast a lternative models of 
expectations form ation." The problem arises, however, th a t the survey 
response expectations data  are  typically of a qualitative nature. In 
order to convert these qualitative response data into a quantitative
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expecta tions se rie s , e ith e r a  p robab ility  d istr ib u tio n  o r a model 
m ust be specified . T herefo re , conclusions regard ing  the REH are  
necessarily  a function  of the specific  d istr ib u tio n  or model used to 
g en era te  the  q u an tita tiv e  expecta tions se ries. Im plications fo r  the 
REH from  the  D ata G eneration Process (DGP) a re  of p a rtic u la r
in te re s t. However, in the  absence of knowledge of the  DGP, robustness 
of re su lts  ac ro ss  d iffe re n t conversion procedures may yield useful 
in fo rm ation  regard ing  the  expecta tions fo rm ation  process. Since a 
re je c tio n  of the  REH could simply be due to  an in co rrec t choice of 
d is tr ib u tio n  or model, te s ts  of possible functional form
m isspecifica tion  a re  necessary  fo r  em pirical analysis.
Despite the  rese rv a tio n  noted above, num erous previous stud ies 
have used q u a lita tiv e  response d a ta , w ith  a tte n tio n  invariably
focusing on in fla tio n ary  expecta tions (see e.g. Pesando (1975), 
Holden and Peel (1977), Figlew ski and W achtel (1981), Evans and 
Gulamani (1984), P esaran  (1984, 1987), Kawasaki and Zimmermann
(1986), and Stahlham m er (1988)). Many of these  au th o rs  conclude th a t  
expecta tions a re  n e ith e r "ra tional" , in th a t  they r e je c t  unbiasedness 
o r orthogonality , nor a re  they f  ormed as ex trap o la tio n s  of some 
w eighted average of previous values, since variab les o ther than  
lagged values a re  found to  be im portan t in determ ining expecta tions 
fo rm ation .
E a rlie r  em pirical s tud ies have f  ound th a t  an e r ro r  learn ing  
model f i t te d  reasonab ly  well (see Carlson and Park in  (1975), Severn 
(1983), Danes (1975), and Turnovsky (1970)). More recen tly , P esaran  
(1987, p.245) a rgues th a t  an augm ented -  a d a p tiv e /reg re ssiv e  process, 
which lies in betw een the  ex trem es of ra tio n a l expecta tions and 
sim ple au to reg ressive  models, is the  best descrip tion  of expecta tions
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using the  C onfederation of B ritish  Industry  M anufacturing Price 
se rie s , w ith  the  augm ented component being in form ation  available a t 
tim e t  not included in lagged in fla tion .
In addition  to  the  conversion problem , th e re  a re  fo u r o ther 
problem s in using q u a lita tiv e  d a ta . F irs t , th e re  is the  ex istence of 
m easurem ent e rro r , although th is  may be less im portan t than  fo r  a 
q u an tita tiv e  se rie s , since individuals a re  more likely to  co rrec tly  
re p o r t the  expected d irec tion  of fu tu re  changes th an  a point estim ate  
of i ts  fu tu re  value (see P esa ran  (1987, p. 210)). Second, individual 
m anufactu ring  f irm s a re  surveyed regard ing  th e ir  own expected fu tu re  
p e rf  orm ance and these  responses a re  aggregated  in o rder to  draw
conclusions about the m anufactu ring  sec to r as a whole. Consequently, 
re je c tio n  of ra tio n a l expecta tions in agg rega te  does not imply th a t
individuals do not fo rm  th e ir  expecta tions ra tio n a lly . In fa c t, 
Figlew ski and W achtel (1981) find  evidence of coeffic ien t varia tion  
both acro ss  tim e and ac ro ss  individuals using individual d a ta , which 
necessarily  b rings into question the valid ity  of aggregation . The
th ird  problem  w ith  draw ing  any conclusions from  d ire c t expecta tions 
d a ta  is th a t  the  work is based on individual responses, and th e re  is 
no g uaran tee  of individuals giving a tru e  reco rd ing  of th e ir  beliefs. 
B atchelor (1982) a rgues th a t ,  in industry  surveys, th e re  m ight be a 
s tro n g  tem p ta tion  by responden ts to  m isrep o rt expecta tions in o rder
to  influence policy m akers’ percep tions of the  s ta te  of the  industry , 
and hence th e ir  policy decisions. Fourth , although th e re  a re  stud ies 
in which individual response d a ta  a re  available (see Nerlove (1983) 
and Buckle et al. (1988)), typ ica lly  only the  percen tage  of f irm s  who 
expect a variab le  to  increase  o r decrease is recorded . Then any 
policy which re su lts  in a known, sm all change in a  variab le  could be
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incorrectly  converted into a large expected change in th a t variable
as a consequence of all firm s reporting a small expected change in 
the variable. For example, a 17. increase in sales tax  could be
converted into a large expected price rise.
6.3. D ata
The Confederation of A ustralian Industries (CAI)/Westpac survey 
of industrial trends is one of the main indicators of fu tu re  economic 
activity  w ithin A ustralia. Implications of the survey fo r A ustralia’s 
fu tu re  economic prosperity  invariably make media headlines (see e.g. 
The A ustralian Financial Review: 23 June 1986, p.l; 12 Sept. 1986,
p.l; 23 March 1987, p.3; 29 June 1987, p.3; 21 March 1988, p.6; 12
Dec. 1988, p.5; 14 March 1989, p.4). The e ffec ts  of these
announcements on economic activity  is questionable, although an 
artic le  in The A ustralian Financial Review (23 June 1986) suggested 
th a t a pessim istic announcement from the survey was, in part, 
responsible fo r the substan tial depreciation in the A ustralian
dollar. Given the potentially im portant implications of the survey 
fo r economic confidence, th is chapter uses the CAI/Westpac
expectations data  to  investigate its  inform ational content. Do the 
expectations series (or some conversion of the series) contain 
inf orm ation about the f  u tu re  movements in the actual series? In 
particu lar, were they able to anticipate the two recessions in 
A ustralia in 1974/5 and 1982/3. These expectations are also tested  
fo r consistency with the REH, whereby there is no unexploited
relevant inform ation in form ing expectations.
The quarterly  expectations data  series are  obtained from  the 
CAI/Westpac survey of industria l trends fo r the period 1966.2-1989.2.
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The purpose of the  survey is to  a sce rta in  f irm s ’ perceived in d u stria l 
perfo rm ance in the  q u a rte r  p rio r to  the  survey and th e ir  expected 
perfo rm ance in the  forthcom ing q u a rte r . Each f irm  answ ers the  
questions from  its  own perspective. F irm s a re  requ ired  to  specify  the 
d irection  of change, namely "up", "down", "same", or "not
available", and percen tages of f irm s fa lling  into each category  by 
industry  size a re  available. The "not available" response is sm all
and is assum ed to  be sp lit in the  p roportion  of the  o th er th ree
ca tego ries , so th a t  these  scaled responses sum to  1007.. Responses fo r 
ten  variab les a re  obtained, although only the  follow ing five se rie s  
fo r  which ac tu a l d a ta  a re  read ily  available a re  analysed here: 
ou tpu t, employment, p rices, stocks of fin ished  goods, and overtim e. 
For each variab le , F igure 6.1 p lo ts the  percen tage  of f irm s who 
perceive, in the  la s t  th re e  m onths, the  variab le  to  r ise , fa ll , or 
s ta y - th e -sa m e  fo r  the  period 1966.2-1989.2, while F igure 6.2 p lots 
the  percen tage  who expect the  variab le  to  r ise , fa ll , or
s ta y -th e -sa m e  in the  nex t 3 m onths. Table 6.1 re p o rts  the  averages 
fo r  F igures 6.1 and 6.2. There is a tendency fo r  f irm s to  re p o rt
"stay -th e -sam e" when asked about th e ir  expecta tions of variab le  
m ovem ents in the  forthcom ing q u a rte r  as com pared w ith  th e ir  p ast
behaviour. It is not possible to  a sce rta in  w hether th is  is due to
firm s  being cau tious or th a t  they genuinely planned fo r
"stay -th e -sam e" bu t a re  occasionally  requ ired  to  rev ise  th e ir  
"no-change" p lans due to  unan tic ipa ted  shocks.
The ac tu a l q u a rte rly  m anufactu ring  d a ta  used a re  discussed in
the  D ata Appendix. Seasonally ad ju sted  d a ta  a re  used since the  survey 
asks: "Excluding norm al seasonal changes, w hat has been your
com pany’s experience over the  p as t th re e  m onths and w hat do you
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expect during the next th ree months?". However, these official
s ta tis tic s  are not usually available fo r the quarte r prior to the one
fo r which the firm  is forming expectations. In particu lar,
m anufacturing output is available with a two quarte r lag, while the
other series tend to be available w ith a one quarte r lag. The problem
is th a t the e rro r  from  predicting the previous quarte r will en ter the
prediction fo r the forthcom ing quarter, thereby introducing a moving 
40average component. Plots of the actual quarterly  percentage changes 
in the variables are  given in Figure 6.3. Both output and employment 
show the ex ten t of the decline in activity which took place in
A ustralia in 1974/5 and 1982/3. In both of these downturns, the
output series lead the employment series both into and out of the 
recessions by one quarter.
Table 6.2 gives a measure of the extent of the downturn
separately  fo r these two periods. There are  some essential
d ifferences in the two recessionary periods. The 1974/5 downturn
followed the Oil Crisis of 1973 and was p a rt of the general world 
recession caused by the re s tric tiv e  monetary policy of the main OECD 
countries to counter anticipated  inflationary  pressure of oil price 
rises. Caves and Krause (1984, p.10) also note th a t "the rem arkably
high level of Japanese grow th was cut in half, with devastating
resu lts  on resource investment in Australia". In th is period, 
A ustralian inflation peaked a t 19.87. per annum, while stocks of
This type of overlapping data  problem is common in the finance
lite ra tu re . The presence of a moving average e rro r process may only
exist fo r an aggregate study where one is aw aiting the publication of 
official aggregate s ta tis tic s . With individual firm  expectations 
data, the likely relevant inform ation is th a t re la ting  to the
individual firm , fo r which the time lag before availability will be
small. The early d istribu tion  of the survey in any quarte r may mean 
th a t the firm  ex trapo lates monthly data  to obtain quarterly  figures.
270
fin ished  goods grew  a t  an annual r a te  of 287. per annum fo r 
th re e -q u a r te r s  of a year. Annual f ig u res  on stocks of fin ished  goods 
show th a t  th e re  had been a running down in stocks in previous 
q u a r te rs  and th a t  th is  had preceded the dow nturn in employment and 
ou tpu t. The 1982/3 dow nturn  coincided w ith  a general w orld recession , 
again  p a rtly  caused by the  oil c ris is . In fla tion  increased  over th is  
period, but to  a much le sse r ex ten t, peaking a t  11.17. per annum. 
Overtim e declined by 29.67., w ith  the  in itia l dow nturn leading the 
recession  in ou tpu t by one q u a rte r . The m ajo r d iffe ren ce  betw een the 
recessions is th a t  in 1982/3, follow ing the  M ineral Boom which was 
caused p rim arily  by investm ent in alum inium , uranium , oil and gas, 
and coal, th e re  w as a running down of stocks, which fe ll by 12.67..
6.4. The G en era ted  R e g r e s so r  P rob lem  and T e s t in g  o f  R a t io n a l i t y
The unbiasedness and orthogonality  te s ts  a re  used to  investiga te
41the  hypothesis of ra tio n a lity . For the  unbiasedness te s t , consider 
the  equation
x = a  + ß x e + t>, v  ~ D(0, o'2) Vt (6.1)t t-i t  t  t  u
w here x is the  variab le  of in te re s t fo r  period t ,  x e is thet t-i t
expecta tion  of th is  variab le  a t  tim e t ,  form ed a t  tim e t-1 , and t  = 
2, .., T. The jo in t null hypothesis is a  = 0 and ß = 1. A serious
problem  w ith  using th is  equation  is th a t  the  se rie s  ^x* a re
g enera ted  by ano ther equation. The presence of such a genera ted  
re g re sso r  im plies th a t  the  conventional fo rm ula  fo r  the  OLS stan d a rd
41
These a re  te s ts  of w hat A iginger (1987) r e fe rs  to  as the  M ainstream  
R ational E xpectations Hypothesis (MAREH) as opposed to  the  Loss 
Evaluated R ational E xpecta tions Hypothesis (LEREH). With LEREH, if
the  cost of u n d er-estim a tio n  is less th an  th a t  of over-estim ation ,
then  i t  is in the  in te re s ts  of the  f irm  to  u n d e r-e s tim a te  changes.
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e r ro r s  is biased downw ard (see Pagan (1984)). C hapter Four (McAleer
and Sm ith (1990)) provide(s) extensive Monte Carlo evidence of the 
degree of u n d er-estim a tio n  of the  conventionally program m ed s tan d ard  
e r ro r s  from  using OLS fo r  various sim ple linear models in sm all 
sam ples, and show th a t  the  problem  can be very serious.
The n a tu re  of the  problem  considered here is sligh tly  d iffe re n t 
from  th a t  analysed in Pagan (1984) and is considered in d e ta il in 
McAleer and McKenzie (1991). Equation (6.1) is the  s tru c tu ra l  
equation and the  expecta tions equations a re  given by
x = W y + £ , 
t  t  n
e  - 7x = z  y.
t - i  t  t
£ t ~ D(0,o^) Vt
In m a tr ix  no tation , these  equations a re  w r itte n  as 
x = W y  + €
-l Z y.
(6.2a)
(6.2b)
An e stim a te  of x may be obtained by applying OLS to  equation-l
(6.2a) to  obtain  y  and then  su b s titu tin g  y  into equation (6.2b) to  
yield
-l Z y.
The s tru c tu ra l  equation to  be estim ated  can then be re w ritte n  as
x  = a + 8 x e + u + ß ( x* — x e) = a  + ß x e + u
- l  - l  - l  - l
in which
u = v  + ß ( x e -  x e) = v  + ß (Z y -  Z y)
- l  - l
= v -  ß Z t W 'W f V ^ .
(6.3)
(6.4)
Consequently, the  covariance m a tr ix  of u is given by
V = O' 2 I -  ß o' » [ Z l W ' W f V  + W(W/ W)"1Z / ] + ß 2 <r2 Z t W ' W f V  v vt, K
2 2 2 2 w here <r = E(u ), <r ^ = E(u E ), <r_ = E(£ ), and v  and E a re  v t v% t t  £ t  t  t
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assumed to be homoscedastic and serially  uncorrelated.
Estim ating equation (6.3) using the Correct OLS method yields 
standard  e rro r  estim ates which are  calculated from
Var(5 ) = (X*, X*)_1X*/ V X^X^'X*)-1OLS
and
-  *  *  _ i  *
5 = (X 'X  ) X 'xOLS
*  ~  ewhere 8 = (a, ß ) ' , X  = ( t ,  x ), and l is a column of unit
- i
elements. An additional problem with equations (6.1) and (6.3) is 
th a t the expectations series are  likely to be measured with erro r. 
Accommodation of the measurement e rro r  problem requires estim ating 
equation (6.3) by Instrum ental Variables (IV), while combining 
measurement e rro r with a generated regressor requires the use of
Correct IV (see McAleer and McKenzie (1991) fo r fu rth e r  details). The
Correct IV standard  e rro r estim ates are  calculated from
Var(5 ) = (X*'P x W ' P  V P x W 'X * ) " 1 
IV s  s s
and
5 = (X*'P x W ' P  xIV s s
where P = S (S 'S ) 1S/ and S is the m atrix  of instrum ents used in s
estim ating equation (6.3).
The orthogonality te s t  regresses the expectations e rro r  on
inf orm ation known a t time t  and te s ts  whether the inf orm ational 
variables are  significant. The regression model is w ritten  as
x - xe = 0 7M + 7 )  (6.5)
t t-i t t t
where M^  is a vector of variables known a t time t  and is regarded as
relevant in determining the expectations e rro rs . Conventionally
programmed OLS standard  e rro r  estim ates are  again inconsistent. Using
equations (6.2a) and (6.2b) to generate xe, equation (6.5) may be
- i
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rew ritten  as
x -  xc = M 0  + t) + ( xc -  x e) = M <p + u.
- l  - l  - i
The covariance m atrix  of u is given by
V = er2 I - cr - [Z lW 'W fV  + W(W, W)"1Z / ] + c t  Z fW 'W ^Z ' v  e,
which is simply the same covariance m atrix  fo r the unbiasedness te s t 
subject to the re s tric tio n  ß  = 1.
6.5. Evaluation o f  A lternative  Conversion Procedures  
6.5.1 The P ro b a b il i ty  Method
The probability method was developed by Theil (1952). An early 
application of the method appears in Carlson and Parkin (1975), and 
the idea behind the method is illu stra ted  well in Knöbl (1974), Danes 
(1975), Batchelor (1986) and Pesaran (1987). In essence, the method 
assumes there is some indifference interval around zero within which 
individuals repo rt the expected change in a variable as being zero, 
w hereas outside th is region they repo rt the variable as having 
changed.
The probability method has a number of key assumptions. Using 
Pesaran’s (1987) notation, each firm  is assumed to have its  own 
subjective probability d istribution, t+J t^’ which is
identical and independent, defined over the ir own fu tu re  x^ (where x^ 
is the percentage change in some variable), conditional on its  
inform ation se t where i = 1,2, .. ,N. Therefore,
eXt l,t+l E(x I <f> )i.t+i1 *i,t
where x is the ith  f irm ’s expected change in the variablet i,t+i
between period t  and t+1, w ith the expectation formed in period t.
The indifference interval is (a , b ). An individual firm  reportsi,t’ i,t
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an expected increase  if x e ^ b and an expected decrease if
t i,t+i i,t
x* ^ a . I t is assum ed the  sub jec tive  d istrib u tio n s
t i,t+i i,t J
(hi(x i  ^ J  <f>^ ^)) can be aggregated  to  fo rm  an agg rega te  p robab ility  
d is tr ib u tio n  h(x I n ) .  The in form ation  se t Q is assum ed to  be
t+ i1 t t
42 Nhomogeneous ac ro ss  a ll individuals, ^  <f>  ^ = <p^ and
N
x = Z w x
t i= l  i It
w here is the  w eight on the  ith  firm .
Assuming a and b a re  co n stan t acro ss both individuals and i,t i,t
tim e, it  follow s th a t
Pr{x i  a |  Q } = H (a) = F* (6 .6a)
t+i 1 t t t t+i
Pr{x
t+i
£ b | Q } = 1 -  H (b) = Re
1 t t t t+i
(6 .6b)
w here is the  cum ulative density  function  of x^. Equations (6.6a) 
and (6.6b) can be solved, thereby  yielding es tim a tes  of x e =
t t+i
E(x IQ ) and cr* = (E([x -  x e ]2 | n ) } 1 / 2 . Three p robab ility
t+ i1 t t t+i t+i t t+i 1 t K
d istr ib u tio n s  a re  considered below, namely the s ta n d a rd  norm al, the
log istic , and the  sc a le d -t d istribu tions .
6.5.1.1. Norm al D i s t r ib u t io n
Equations (6.6a) and (6.6b) a re  expressed  as
0{(a- x e ) /  cre > = Fe
t  t+i t t+i t t + i
(6.7a) 
(6.7b)
w here 0 is the  cum ulative s ta n d a rd  norm al d istrib u tio n . Inverting
0{(b- x e ) /  <re > = 1- Re
t t+i t t+i t t+i
42 If each f irm ’s in form ation  is not publicly availab le to  all 
individuals in the  m arket, then  aggregation  is not possible and the 
second equality  is invalid.
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th ese  equations yields
f e = Fe ) = (a -  x e ) /  <r e
t t+i t t+i t t+i t t+i
(6.8a)
r e = 0 1(1- Re ) = (b -  x e ) /  cre 
t t+i t t+i t t+i t t+i
(6.8b)
, - iw here 0 is the  inverse cum ulative s ta n d a rd  norm al d istribu tion .
Solving (6.8a) and (6.8b) fo r  x* and cr* fo r  given values of a
t t+i t t+i
and b yields
a r  - b f
e t t + i t t+ix = -------------------------
t t+l e ~er  -  f
t t+l t t+l
(6.9a)
e<r
t t+i
(b -  a) (6.9b)
( r  -  f  )
t t+i t t+i
6.5.1.2. L o g is t ic  D i s t r ib u t io n
This d is tr ib u tio n  has f a t t e r  ta i ls  than  the  s ta n d a rd  norm al 
d is tr ib u tio n  and hence pe rm its  a g re a te r  v a riab ility  of ac tua l 
outcom es fo r  x^ . The cum ulative density  function  is defined as
H(x I n ) = 1/{1 + exp [-(x  -  x e ) /  ß  ]}. (6.10)
t+i1 t t+i t t+i t t+i
In th is  case, the  p ro b ab ilitie s  a re  given by
f e = ln(( 1 -  F c ) /  Fe ) (6.11a)
t t+i t t+i t t+i
r* = ln( Re /(1 -  Re )). (6.11b)
t t+i t t+i t t+i
The solution fo r  ^x*  ^ is given in equation (6.9a), and th a t  fo r  
ß  (= V3 <re /7r) is ob tained  using equation (6.9b).
t t+i t t+i
43 If the  num ber of individuals who expect the  variab le  to  fa ll  is 
zero , then  f e -> -oo. On th re e  occasions fo r  the  p rice  variab le , no
t t+i
individual expects the  p rice  to  fa ll, so th a t  th is  zero  p robab ility  
is rep laced  by an a rb i tra r i ly  sm all value of 0 .005.
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6.5.1.3. S c a le d - t  D i s t r i b u t i o n
The app licab ility  of the  norm al d istr ib u tio n  is re je c te d  by 
C arlson (1975) using the  Livingston p rice  d a ta , in th a t  th e re  is 
evidence of positive (negative) skew ness during high (low) 
in fla tio n ary  periods. Imposing a norm al d istr ib u tio n  then  yields 
dow nw ard (upw ard) b iased e s tim a tes  of x* during high (low) 
in fla tio n ary  periods.
Using the  norm al and log istic  d istr ib u tio n s  reduces the
p robab ility  of genera ting  large  expecta tions values. A skewed
d istr ib u tio n , o r one w ith  f a t t e r  ta ils , m ight be m ore a p p ro p ria te  as
i t  p erm its  a g re a te r  p robab ility  of large  expecta tions values.
C arlson (1975) finds th a t  a scaled  t -d is tr ib u tio n  provides a  b e tte r
44approx im ation  to  the  d is tr ib u tio n  of in fla tio n ary  expecta tions. 
Equations (6.6a) and (6.6b) a re  now w ritte n  as
F* = r< (n /(n -2 )°’5)[(a- x '  ) /  or' ]>
t t + 1 t t + 1 t t + 1
(6.12a)
1- Re = r{ (n /(n -2 )° ’5)[(b- x* ) /  <re ]> (6.12b)
t t+i t t+i t t+i
w here n denotes degrees of f  reedom  and T is the  cum ulative 
t-d is tr ib u tio n . Denoting T as the  inverse of th is  d istr ib u tio n  
gives
f c = r _1( F* ) (6.13a)
t t+i t t+i
r e = r _1(l- Re ). (6.13b)
t t+i t t+i
Solving fo r  ^x* yields equation  (6.9a) fo r  x* and
44 Indeed, C arlson (1975) f in d s  the  scaled  log t-d is tr ib u tio n , which 
involves f i t t in g  a scaled  t-d is tr ib u tio n  to  the  logarithm  of the  
se rie s , to  be b e tte r  s till. However, the  presence of negative values 
fo r  m ost variab les  considered here  excludes the  use of th is  
d istribu tion .
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er = [n /(n -2 ) ]  (b -  a) . (6.14)t  t+1 -----------------------------------
e _er  -  f 
t t+i t t+i
6.5.1.4. E m p i r i c a l  R e s u l t s  f o r  t h e  P r o b a b i l i t y  Method
Equation (6.9a) is the solution fo r x* as a function of a and
t t+i
b. C-P assume th a t expectations are  co rrect on average and th a t the 
indifference intervals are  symmetric, i.e. -a  = b = c, from which c 
is estim ated as
T - 1
C
T -  1
l
f
t
e e+ r
t+1 t t + 1
-e ef  - r
t t + 1 t t+1
(6.15)
Foster and Gregory (1977) observe th a t th is value fo r c implies
45acceptance of the rational expectations unbiasedness hypothesis. An 
alternative estim ate of c which resolves the problem of imposing 
unbiasedness involves estim ating equation (6.9a) by OLS with x 
replacing x* . A more general procedure which allows an asymmetric 
response to rises and fa lls  does not impose the res tric tio n  -a  = b =
Using x^ to determ ine estim ates of the param eters a and b, as 
in equation (6.9a), assumes x is known a t time t. An alternative 
procedure re la tes  the percentage of individuals who reported  an 
increase or decrease in the la s t 3 months to  x^, namely
(6.16)a r  -  b ft t
r  -  f
t t
45Pesaran (1987, p.216, footnote 6) indicates th a t th is estim ate of the 
scaling f  acto r does not render expectations unbiased in the
s ta tis tic a l sense.
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where
r  = <f> ^ l-R  ] = (b -  x )/<r t t t t
and
f = <(> *[F ] = (a -  x )/<r .t t t t
R (F^) is the percentage of firm s reporting an increase (decrease) 
in x in the last th ree months. Estim ates a and b are  obtained fromit
estim ating equation (6.16) by OLS and fo recasts are  obtained using 
these estim ates in equation (6.9a), namely
xt t+i
e  u  r .ea r  -  b ft t+i t t+i
r  -  ft t+i t t+i
(6.17)
To use the param eter estim ates of equation (6.11) in (6.4a), it is 
necessary to assume param eter stab ility  between realisations and 
f  orecasts.
Table 6.3 reports  the param eter estim ates, the fo recast mean 
e rro r  (Me) and fo recast roo t mean square e rro r (RMSE) values using 
these past realisations fo r the normal distribution. (Unless specified 
otherw ise, all estim ation is undertaken using the SHAZAM package.) 
Results fo r the logistic and scaled -t (with an a rb itra ry  4 degrees of 
freedom) d istributions are  sim ilar and so are not reported. Of the 
th ree  distributions, the normal has the sm allest RMSE values fo r 
output, stocks and overtime, w hereas the scaled-t d istribution with 
its  f a t te r  ta ils  yields sm aller RMSE values fo r prices and 
employment. Ratio of Means resu lts  yield a negative estim ate fo r c 
fo r th ree  of five series, suggesting th a t, on average, firm s do not 
fo recast the direction of change correctly . The OLS estim ates appear 
to  be more sensible and detect changes correctly , allowing both 
symmetric and asymm etric responses.
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A Lagrange M u lt ip lie r  (LM) te s t o f up to  fo u r th -o rd e r  se ria l 
c o rre la t io n  suggests a second-order process in  the p rices  equation
and f i r s t - o r d e r  processes in  the employm ent and overtim e  equations.
In a ll  cases where a s e r ia l c o rre la tio n  ad jus tm en t is used, both 
m oving average (MA) and au to regress ive  (AR) co rre c tio n s  are
considered. Using the separate  model and separate p re d ic tio n  tes ts  o f 
M cAleer e t a l. (1988), the  AR n u ll is  not re je c te d  by the MA 
a lte rn a tiv e . However, the  MA n u ll is re je c te d  by the AR a lte rn a tiv e
fo r  p rices  in  bo th  the  p ro b a b ility  model and Pesaran’ s non linear
reg ress ion  model. Thus, an AR ad jus tm en t is to  be p re fe rre d
e m p ir ic a lly . The e f fe c t  o f using an ad jus tm en t fo r  AR e rro rs  im proves 
the RMSE fo r  the  p rices  equation, bu t worsens i t  f o r  em ploym ent and 
ove rtim e . Only fo r  em ploym ent is the  n u ll hypothesis o f sym m etry 
re je c te d .
For each expecta tions  series the p ro b a b ility  d is tr ib u t io n  w hich 
m in im ises the RMSE is used to  te s t the  series fo r  unbiasedness and
o rth o g o n a lity . Tables 6.4 and 6.5 re p o r t the  success o f each o f these 
expecta tions  series in  p re d ic tin g  the c o rre c t movements and tu rn in g  
po in ts  in  the  a c tu a l series f o r  va rious  models. Included in  Table 6.5
is  the n o n -p a ra m e tr ic  p re d ic tiv e  p e r f ormance te s t s ta t is t ic  o f 
Pesaran and T im m erm ann (1990), w h ich  evaluates the  number o f tim es 
the  f i r m  p re d ic ts  the  c o rre c t d ire c tio n  o f change compared w ith  the 
n u ll hypothesis w h ich  assumes th a t ac tua l and expected movements are 
independently d is tr ib u te d . W ith  the  sole exception o f p rices  fo r  the  
t im e -v a ry in g  model, the  n u ll hypothesis o f no p re d ic tive  pow er is
re je c te d  in  a ll cases. Table 6.6 re p o rts  the re s u lts  fo r  te s ts  o f 
unbiasedness using the  OLS, C o rre c t OLS, IV and C o rre c t IV methods, 
along w ith  the RESET fu n c tio n a l fo rm  te s t and an LM te s t fo r  s e r ia l
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c o rre la tio n . The s tandard  e r ro rs  can d i f f e r  m arked ly  between OLS and 
IV , w ith  those IV sometimes being su b s ta n tia lly  la rg e r. For no series 
is  the  n u ll hypothesis ß = 1 re je c te d  a t the  f iv e  per cent
s ig n ifica n ce  leve l, a lthough fo r  ove rtim e  ß = 0 cannot be re je c te d . 
The n u ll hypothesis a = 0 is  re je c te d  fo r  stocks using e ith e r OLS or 
IV, however, fo r  C o rre c t OLS and C o rre c t IV the n u ll hypothesis fa i ls  
to  be re je c te d .
R esults fo r  o r th o g o n a lity  te s ts  are given in  Table 6.7 using
both  OLS and C o rre c t OLS methods. The set o f regressors  used d if fe r s  
across the series, a lthough fo r  any series the choice is  constan t 
across conversion procedures. Presented in  the ta b le  are the jo in t  
p ro b a b ilit ie s  th a t  the  es tim a ted  c o e ffic ie n ts  correspond ing to  a
p a r t ic u la r  va ria b le  are zero , the  p ro b a b ilit ie s  th a t a ll c o e ffic ie n ts  
a re  jo in t ly  zero  f o r  the  o rth o g o n a lity  te s t (ALL), and the ca lcu la ted  
value o f the  RESET(2) te s t s ta t is t ic  fo r  fu n c tio n a l fo rm  
m issp e c ifica tio n . The o rth o g o n a lity  hypothesis is  re je c te d  fo r  ou tpu t 
w ith  s ig n if ic a n t c o e ffic ie n ts  on em ploym ent, and fo r  ove rtim e  w ith  
s ig n if ic a n t c o e ffic ie n ts  on ove rtim e , wages and vacancies.
O rth o g o n a lity  is  supported fo r  the  o th e r equations, even though 
em ploym ent is  s ig n if ic a n t a t the  ten  per cent leve l in  the  ou tpu t 
equation. A lthough no t re p o rte d , the  expecta tions  series show a 
su b s ta n tia l u n d e r-p re d ic tio n  o f the  ac tua l movements f o r  each o f the 
f iv e  series. There is also a tendency fo r  the  expecta tions  to  s im p ly  
re f le c t  past movements in  the  a c tu a l va riab les .
The p re d ic tive  p e r f orm ance o f these models is  com pared w ith  
severa l sim ple tim e  series models: namely, a no-change model, a 
u n iv a r ia te  A utoregress ive  In te g ra te d  Moving Average (ARIMA) model, 
and a V ecto r A u to regress ive  (VAR) model. RMSE values a re  3.81, 1.894,
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0.957, 3.831 and 15.81 fo r  ou tput, employment, p rices, stocks and
overtim e, respectively , fo r  the no change model, and 2.7295, 1.3930, 
0 .8380, 2.7210 and 9.4560 fo r  an ARIMA (2, 1, 0) model. For the  ARIMA 
model, Tables 6.4 and 6.5 also re p o r ts  the  success of th is  procedure 
to  p red ic t c o rre c t m ovem ents in the  se rie s . Recursively es tim ating  
the  AR(2) model and fo re c a s tin g  one period ahead each tim e yields 
RMSE values of 3 .064, 1.582, 0 .990, 3.133 and 18.39. R esults from  
f i t t in g  an AR(2) p rocess to  all se rie s  over the  longest period 
availab le  a re  rep o rted  in Appendix 6 .A. The VAR model is used only 
fo r  ou tpu t, employment and p rices, w ith  tw o lags of each variab le  and 
an in te rce p t yielding RMSE values of 2.702, 1.483 and 0.853,
respective ly  (re su lts  a re  again  rep o rted  in Appendix 6 .A). A Bayesian 
VAR (BVAR), es tim ated  using the  RATS s ta t is t ic a l  package, w ith a zero  
co e ffic ien t on the  own f i r s t  lag and a tig h tn ess  of 0 .5 , yields RMSE 
values of 2.747, 1.504, and 0.859, respectively , fo r  the  th ree  
se rie s . These re su lts  a re  m arginally  w orse than  the  RMSE values
rep o rted  in Table 6.3 fo r  all but stocks, although the  ARIMA model 
dom inates the  p robab ility  model fo r  some se ries  in de tec ting  the
c o rre c t d irec tion  of change.
6.5.1.5. T im e-V arying Param eter (TYP) Model
The co n stan t p a ra m e te r  model c learly  u n d e r-p red ic ts  the  degree 
of movement in the  se rie s . This may be due to  a  non-constan t 
ind iffe ren ce  in te rv a l, as suggested  by C-P, who believed th a t  the
sym m etric  in d iffe rence  in te rval, c, w as likely to  be positively
re la te d  to  the  in fla tio n  ra te . If the  upper ind iffe rence  in te rval 
increases  during periods of rap id  grow th, then, fo r  a  given 
p ropo rtion  of f irm s rep o rtin g  an expected increase, th is  is converted
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into a h igher expected value.
Cooley and P re sc o tt’s (1976) tim e varying p a ram ete r (TVP) model 
(see S eitz  (1988) fo r  an application  of th is  to  qua lita tive  
responses) assum es the  p a ra m e te r  vector ß'^ = (a^, b^), t  = 1 ,2 ,...,T , 
is su b je c t to  both perm anent and tem porary  shocks, namely
ß = ß P + <p (6.18a)t t  t
ßP = ßP + G . (6.18b)t t - i  t
In th is  model, no re s tr ic tio n s  a re  imposed on a^ o r b^. There is no
re s tr ic tio n  th a t  a ^ 0, b ^ 0, or even a ^ b , as is assum ed fo r  t t  t  t
th e  p robab ility  method. In (6.18a), ßp is the  perm anent component of
the  v a ria tio n  in the  p a ram ete r and <p^  is i ts  tem porary  component. The
random  variab les <p and a re  assum ed to  be m utually  uncorre la ted ,
to  have zero  m eans and be independent, w ith  Var(e^) = ycr2Z and 
2
V a r(^ )  = (l-y)cr Z, w here y is an unknown p a ram ete r. If y = 0, th is
model reduces to  the  random  co effic ien t model in which the  p a ram ete r
ß varies  around some mean value ß ' = (a, b). The procedure fo r
2
estim a ting  y, the  vector of in itia l values ß Q, and cr is outlined in 
Cooley and P re sc o tt (1976).
Given the  es tim ated  p a ra m e te rs  from  the  f i r s t  s tage , the
rem aining p a ra m e te rs  ß^, t  = 1, . . . ,  T, a re  es tim a ted  using the  
Kalman f i l te r  technique in the  RATS s ta t is t ic a l  package in the  second 
s tag e  of the  tw o s tage  procedure. E stim ation  of the  m a tr ix  £ is 
d iff ic u lt  and is th e re fo re  specified  p rio r  to  estim ation . Two 
d iffe re n t m a trice s  a re  used: (i) Zj is the  iden tity  m atrix ; and (ii) 
Zy is the  OLS covariance m a tr ix  of the co effic ien ts  in equation
(6.16).
For both Zi and Zv> th e  e s tim a tes  of y a re  sign ifican tly  
d if fe re n t from  zero  fo r  each of the  variab les except overtim e.
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Although the re su lts  from  using both m atrices  a re  s im ila r, yields 
sm alle r fo re c a s t RMSE so th a t  only these  a re  rep o rted  in Table 6.8. 
F igure 6.4 p lo ts the  movements of these  p a ram ete rs  fo r  each of the 
variab les  except overtim e. The Me and the RMSE values in Table 6.8 
ind ica te  th a t  the  TVP model fa ils  to  improve upon the constan t 
p robab ility  model. This re su lt  is supported  by Tables 6.4 and 6.5 
which give the  percen tage  of c o rre c t changes in d irec tion  fo r  the 
expected  se rie s  re la tiv e  to  the  ac tu a l se rie s , the  p roportion  of 
c o rre c t tu rn ing  points and te s ts  of p red ictive perform ance. Although 
not rep o rted , the  fo re c a s ts  a re  m arkedly more volatile  th an  in the 
co n stan t p a ram ete r model. However, m ost expecta tions lag the  ac tual 
se rie s  by a t  lea s t one q u a rte r , ind icating  th a t  the  expecta tions a re  
p a rtly  a re f lec tio n  of p as t movements.
T ests  of the  hypothesis of unbiasedness (not repo rted ) lead to  
re je c tio n  fo r  each of the  se rie s  except fo r  employment and overtim e, 
w ith  e s tim a tes  of the  ß  co e ffic ien ts  being sign ifican tly  less than  
unity , thereby  ind icating  excess vo latility . The o rthogonality  te s t  
(not rep o rted ) r e je c ts  the  null hypothesis of the  jo in t
insign ificance of the  co effic ien ts  fo r  ou tput and overtim e a t  the 
five per cent level, w ith  re je c tio n s  a t  the  ten  per cent level fo r  
employment and stocks.
The tim e-vary ing  p a ra m e te rs  a re  assum ed to  follow  a random  walk 
(see equations (6.18a) and (6.18b)). However, peaks in the  
co e ffic ien ts  (F igure 6.4) coincide w ith  peaks in the  ac tu a l se rie s  
(F igure 6.3). E stim ation  of a Seemingly U nrelated  R egression Equation 
System  fo r  the  e s tim a ted  co effic ien ts , a^ and b^, suggests th a t  each 
of the  f  our th resho ld  p a ra m e te rs  has a  s tro n g  au to reg ressive  
component and s ig n ifican t te rm s in the  respective  variab le , x^. In
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c o n tra s t to  Seitz  (1988), th e re  is no evidence of equal coeffic ien ts  
(of opposite signs) on a^ and b^, the  re la tio n  being one of a 
positive co effic ien t on the  c u rre n t value of and sm aller negative 
c o e ffic ien ts  on the  lagged variab les. Since the upper and lower 
th resh o ld s  both increase  w ith  the  se rie s , th is  im plies th a t  firm s 
w ill only re p o r t an increase  in expecta tions fo r  large  r ise s  in th is  
v ariab le  but re p o r t fa lls  fo r  even sm all decreases, w ith  the opposite 
holding fo r  la rge  negative increases. The p rice  equation behaves 
asym m etrically , w ith  a^ depending only on i ts  lagged values and b^ 
dependent upon c u rre n t and lagged in fla tion . Only fo r  overtim e and 
employment is the  null hypothesis of a coeffic ien t of unity  on the 
lagged dependent variab le  not re je c te d  fo r  b^ but, even then , the  
add itional variab les a re  s ig n ifican tly  d iffe re n t from  zero.
6.5.2. The R e g r e s s io n  Method
As an a lte rn a tiv e  to  the  p robab ility  m ethod fo r  deriving 
q u an tita tiv e  expecta tions, P esaran  (1984, 1987) developed the
reg ressio n  method. R ather th an  being a function  of a specific  
p robab ility  d istrib u tio n , th ese  q u an tita tiv e  expecta tions a re  a 
function  of a  specific  reg ressio n  model. Both Anderson’s (1952) 
linea r reg ressio n  model and P e sa ran ’s (1984, 1987) nonlinear
reg ressio n  model sire d iscussed b rie fly  in th is  subsection.
6.5.2.1. A n d e r s o n ’s L in ea r  R e g r e s s io n  Model
This m ethod is a t tr ib u te d  to  Anderson (1952). If the  percen tage
change in each se rie s  x^ is com prised of a w eighted com bination of
responden ts who say th a t  x^ increased  (denoted x* ^) and decreased
(denoted x ), then i ,t.
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x = E w  x + Z w x 
t 1=1 i,t l.t 1 = 1 i,t i,t
(6.19)
w here  ^ (w^ is the  w eight on firm  i rep o rtin g  an increase
(decrease) during period t. Assume th a t  all f irm s rep o rtin g  an
increase  (decrease) give the  sam e increase  (decrease) up to  a random
distu rbance , i.e. x + = a  + i /  and x = ß + v  . It follow s th a t  
i,t it l.t it
x = a  R -  ß F + u 
t t t t
( 6 . 2 0 )
u = Z w v + Z w v 
t i=i i,t i,t i = i i,t i,t
w here it  is assum ed th a t  w = w = 1 fo r  a ll i and t. Depending
l.t l.t
upon the  w eights used, the  d istu rbance  term , u^, is po ten tia lly  
h e te ro sced as tic  and se ria lly  co rre la ted . Using the  percen tage  of
individuals who expect the  variab le  to  increase , , and decrease,
F® , over the  nex t th re e  m onths, to g e th e r w ith  the  OLS p a ram ete r 
e s tim a tes  from  equation (6.20), yields
x = a  R -  ß F .
t t+i t t+i t t+i
( 6 . 21)
Equation (6.21) can be derived from  the  p robab ility  model assum ing a 
uniform  d istrib u tio n . To move betw een rea lisa tio n s  and expecta tions 
req u ire s  the  assum ption of p a ram ete r s tab ility . If a  = ß = 1, then 
th is  is the  Balance S ta tis tic  (see, fo r  exam ple, P esaran  (1987,
p.212)).
The OLS re su lts  from  estim ating  equation (6.20), w ith  d iagnostic  
te s ts  fo r  h e te ro sced as tic ity  and se ria l co rre la tio n , and the 
assoc ia ted  fo re c a s ts  using (6.21), w ill be discussed b rie fly . No 
h e te ro sced as tic ity  is evident in these  equations. C orrecting  fo r  the  
se r ia l co rre la tio n  evident in the  p rices, employment and overtim e 
equations ensures a ll equations pass the  d iagnostic  te s ts . The 
fo re c a s t perfo rm ance of th ese  equations is s im ila r to  the  constan t
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p a ram ete r model of the p robab ility  section in term s of RMSE values.
The percen tage  of tu rn ing  points co rrec tly  detec ted  by th is  
model is superio r to  the  p robab ility  method but is s im ilar to  the  
Balance S ta tis tic , as a re  the  percen tages of c o rre c t d irec tions 
p red ic ted  (see Tables 6.4 and 6.5). Unbiasedness is re je c te d  fo r  
stocks and overtim e using the  C orrec t IV method. O rthogonality  is 
re je c te d  fo r  overtim e, w ith  s ig n ifican t te rm s in vacancies and 
in d u stria l d isputes; employment rem ains s ig n ifican t in the  output 
equation.
6.5.2.2. P e s a r a n ’s N o n lin e a r  R e g r e s s io n  Model
P esaran  (1987) a rgues th a t  the  Anderson model may not be 
ap p ro p ria te  in periods of r is in g  and variab le  in fla tio n  and th a t  "it 
is m ore reasonab le  to  expect an asym m etrical re la tio n sh ip  to  ex is t 
betw een the  r a te  of change of individual f irm s ’ p rices and the 
average ra te  of in fla tion , depending on w hether the  f irm  re p o r ts  a 
p rice  fa ll  o r a price  rise" (p.222). The specifica tion  assum es th a t  
x*  ^ is determ ined  as a p ropo rtion  of x^, namely
x + = a  + 7  x  + v*l.t i t  i,t
(a 2: 0 , 0  ^ 7  s 1) (6 .2 2 a)
X =  - ß  + V
i,t i,t (ß *  0 )
(6 .2 2 b)
w here v *  and v  a rei,t i,t independent w hite
noise processes.
S u b stitu tin g  these  tw o equations into (6.19) yields
x t
a R -  ß  F t t
( 1 - 7  R )l t
+ u
ut
V t
R )t
(6.23)
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m
v = Z w v  + E w v  
t i=i i,t i,t 1 = 1 i,t i,t
P
where u  ^ is heteroscedastic, is heteroscedastic if the weights
w*  ^ and w  ^  ^ vary over time, and both and v^  may be serially 
correlated  through either the weights or through R .^ Describing 
equation (6.23), Pesaran (1987, p. 211) says: " A regression of this 
kind is not a causal explanation of price changes but simply 
identifies the relationship between two d ifferen t sources of
inform ation (namely offic ial s ta tis tic s  and survey resu lts), and 
serves as a "yardstick" by means of which categorical responses 
concerning the direction of fu tu re  changes in prices can be converted 
into quantitative m easures." Equation (6.23) can be shown to be 
sim ilar to the probability model with TVP (see Appendix 6.B).
P esaran’s (1987, p.230) final estim ated equation included an
AR(2) e rro r  specification, namely
x (1 - r  R ) = ( < x R - ß F )  + 0 v  + 0 v  + e  (6.24)
t i t  t t t-i t-2 t
where <p and <p are  the AR param eters, and v and v are  the
1 2  t t-i
curren t and lagged OLS residuals from  (6.23). The expectations series
are  then obtained using the param eter estim ates from  (6.24) together
46with the expectations variables
xc (1 -  y R )
t t+i i t  t+i
( a R  -  ß F ) + 0 v + 0 v
t t+i t t+i ’ l t 2 t-i
(6.25)
An MA alternative hypothesis does not appear to have been
46The expectations series (25) cannot be derived by taking the 
expectations of equation (24), unless Re and Fe are  in the
t t+i t t+i
inform ation set This a rises because equation (23) is nonlinear,
so th a t x* * E(x I Q ). As a resu lt, equation (25) should not be
t t+i t+i' t
in terpreted  as individual expectations but ra th e r as some f irs t-o rd e r  
approximation.
288
te s te d . Provided th e re  is in te re s t  only in obtain ing coeffic ien t 
e s tim a tes , a  m isspecified  e r ro r  s tru c tu re  w ill simply lead to 
in co rrec t s ta n d a rd  e rro rs . However, P e sa ran ’s analysis is concerned 
w ith  fo re c a s tin g  perfo rm ance and th e re  is no g uaran tee  th a t  an AR 
s tru c tu re  w ill yield b e tte r  p red ic tions th an  an MA process. This is
especially  the  case when an MA process has a th eo re tica l 
ju s t if ic a tio n  from  the overlapping d a ta  argum ent, w hereas th e re  would 
not seem to  be any obvious th eo re tic a l ju s tif ic a tio n  fo r  an AR 
process.
The assum ption of an asym m etric  function  im plies th a t  the  f irm ’s 
p rice  fa l l  (equation (6.22b)) is simply a random  movement around a
constan t. However, the  re su lts  fo r  the  tim e varying model discussed 
above suggests th a t  both the upper and lower th resho ld  p a ram ete rs  
vary  over tim e. In any case, the  model is less applicable to  se rie s
o th e r th an  prices. A possible solution is to  specify  a sym m etric
response model w ith  d iffe rin g  p a ra m ete rs  y and namely
;+ = a  + y  x + v +
i , t  i t  i , t
(a £ 0 ,
fHVIVIo (6.26a)
=  - ß  + r  x + v
i , t  2 t  i , t (ß * 0 , o *  r * l )  2 (6.26b)
S u b stitu tin g  these  equations into equation (6.19) yields
x = t
u =t
a  R -  ß F______ t t
i -  r R -  r F
I t  2 t
l -  r  r  -  r  F
I t  2 t
+ u
t
R esults from  estim ating  th e  model above w ith  an AR component 
w ill be discussed b rie fly . Gains from  estim ating  th is  model over the 
sim ple Anderson model a re  negligible. For the  output, employment and
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Stocks equations, the estim ates of y and are not significantly
d iffe ren t from  zero, and fo r these equations RMSE values are  only 
slightly superior to the Anderson model. For prices and overtime, 
estim ates of 7  and y  are  highly significant, but the RMSE values 
are  worse than those of the Anderson model, even though the plots of 
expectations are  sim ilar. Tables 6.4 and 6.5 show lower percentages 
of co rrec t directions determined, as well as a sm aller proportion of 
turning points as compared with the Anderson model.
Tests of unbiasedness (not reported) re ta in  the null hypothesis 
fo r all equations using OLS, Correct OLS, IV and Correct IV, w ith the 
exception of prices. Orthogonality is re jec ted  fo r overtime but there 
is a m arginal acceptance fo r prices, w ith input prices significant in 
the prices equation.
6.5.2.3. T im e V ary in g  P aram eter  Model
An alternative to  equations (6.26a) and (6.26b) is to  specify
x = a + u 
it t it
(6.27)
x = ß + u 
it t it
where
(a , ß )' = r = rp + 0
t t t t t
p P
r  =  r  + e
t  t - i  t
which is the TVP model of Seitz (1988). Empirical resu lts  using 
(6.27) (not reported) are  sim ilar to  those fo r the probability model. 
Few gains in RMSE values are  achieved over the simple model. For 
output, employment and prices, the RMSE values are  g rea ter, the 
percentages of co rrect turning points are  low, as are  the percentages 
of correctly  predicted directions. Modelling the f itte d  values a  and
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ß (using a s im ila r model to  th a t  in Section 6.5.1.5.) shows th a t  
they  a re  dependent upon c u rre n t and lagged values of the  se rie s  and 
the  lagged p a ram ete r itse lf . R esults fo r  unbiasedness and 
o rthogonality , to g e th e r w ith  the p lo ts, a re  very s im ila r to  those of 
th e  TVP model described  above.
6.5.2.4. D y n a m ic  N o n lin e a r  R e g r e s s io n  Model
Noting th a t  the  p a ra m e te rs  and ß  ^ can be w ritte n  as an 
in fin ite  w eighted average of p as t values, namely
a = l  + 5 x + 5 x  + ... + 5 x (6.28)
t 0 t 1 t - l  m t-m
ß = 1 + TT X + 7T X + ... + TT X 
t 0 t 1 t - l  p t-n
using equation (6.28) w ith  equation (6.20) yields the  dynamic 
nonlinear reg ression  model given by
aR -  ßF + R E y x
t t t j = i lj  t - j
F E r  x 
t J=i 2j t - j
(1 -  y R -  r  F )
10 t  20 t
+ v . (6.29)
Due to  lim ita tions in the  num ber of observations, i t  is assum ed
th a t  m = n = 5. This model is f i r s t  o v er-p a ram ete rised , and p a ram ete r 
e s tim a tes  and sum m ary s ta t is t ic s  corresponding to  r e s tr ic te d  versions
of (6.29) a re  p resen ted  in Table 6.9. While the  nonlinear p a ram ete rs
appear to  be highly s ig n ifican t in the  ou tpu t and employment
equations, com parisons of goodness of f i t  aga in st a linea r model w ith
*1 0
p a ra m e te rs  has the  dynamic lin ea r model dom inating the  dynamic 
nonlinear model fo r  employment, and both models being very sim ila r 
fo r  ou tput. The dynamic linear model also has a much sm aller RMSE 
value. In addition, the  nonlinear stock equation produces ex trem ely
r  = 0  and zero  re s tr ic tio n s  on some of the  y  and y 20 lj 2J
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la rg e  fo re c a s t values fo r  fou r q u a rte rs  as the denom inator in (6.29) 
approaches zero . For these  th re e  se rie s , the  linear models (w ith y 
= y = 0) a re  rep o rted  in Table 6.9. RMSE values fo r  the dynamic 
nonlinear model a re  superio r to  those from  the  o ther models, except 
fo r  p rices, in which case the  p robab ility  model w ith  an AR(2) 
co rrec tio n  is dom inant.
For m ost variab les, Table 6.4 ind ica tes th a t  the  expecta tions 
se rie s  from  the  dynamic nonlinear reg ression  model p red ic t the 
c o rre c t d irec tion  of movements more than  fo r  the  o ther conversion 
p rocedures. Table 6.5 shows th a t  the  dynamic model alm ost alw ays 
ob tains the  la rg e s t f ra c tio n  of c o rre c t tu rn ing  points in the  c o rrec t 
d irec tion . In addition, the  P esaran  and Timmermann (1990) te s t  shows 
th a t  th is  model has the  h ighest percen tage  fo r  co rre c tly  p red ic ting  
the  d irec tion  of change. In Table 6.10, only p rices and overtim e 
r e je c t  the  unbiasedness hypothesis ac ro ss  a ll es tim ation  m ethods. 
O rthogonality  is accepted  fo r  a ll equations, including p rices and
overtim e. In the  overtim e equation, m arginally  s ig n ifican t te rm s in
ou tpu t and overtim e become insign ifican t when using C orrec t OLS 
ra th e r  th an  the  OLS m ethod (see Table 6.11). The output equation now 
tra c k s  much b e tte r , w ith  the  one q u a rte r  lag no longer apparen t, a t 
le a s t in the  f i r s t  recession . T racking of overtim e is also much 
im proved, w ith  the  1982/3 recession  detec ted  very well.
Appendix 6.C gives th e  ac tu a l and expected values fo r  each series, 
w here a ll se rie s  r e la te  to  the  outcom es from  the dynamic nonlinear
reg ressio n  model bu t the  p rices  se rie s  a re  taken  from  an AR(2)
co rrec tio n  to  the  p robab ility  model (see F igure 6.3).
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6.6. C o n c lu d in g  R e m a rk s
In th is  chap ter, the  expecta tions fo rm ation  p rocess is
considered in de ta il, as is the  issue of w hether expecta tions a re  
ra tio n a l and con tribu te  to  explaining the  dow nturn in m anufactu ring  
ac tiv ity  in 1974/5 and 1982/3 in A ustra lia . P esaran  (1984) r e je c ts  
th e  ra tio n a l expecta tions hypothesis fo r  the  U.K. m anufactu ring  price 
index, arguing  th a t  individuals do not make use of all publicly 
availab le  in fo rm ation  in form ing  th e ir  expecta tions. Specifically , he 
finds  th a t  th e re  a re  s ig n ifican t te rm s in unemployment, the  rea l 
exchange ra te , raw  m ate ria l and fuel p rices which could be exploited  
to  improve the  expecta tions of firm s.
Using the  o rthogonality  te s t ,  in th is  ch ap te r the  null
hypothesis of ra tio n a l expecta tions is re je c te d  fo r  a ll se rie s  using 
a t  le a s t one conversion procedure. The expecta tions genera ted  a re  
n ecessarily  m odel-specific , as a re  the  conclusions reached , and
ro b u stn ess  is generally  not observed acro ss a lte rn a tiv e  conversion 
p rocedures. F irm s do not, th e re fo re , appear to  use a ll available 
in fo rm ation  in form ing th e ir  expecta tions. This find ing  c o n tra s ts  
w ith  th a t  of Buckle e t  al. (1988), who do not r e je c t  the  REH fo r  
e ith e r  average costs  o r p rices, bu t do r e je c t  fo r  re a l se rie s  such as 
em ployment, ou tpu t, and stocks. They argue th is  could be due to  th e re  
being m ore in fo rm ation  on price  and cost variab les, thereby  making 
them  easie r to  fo re c a s t. A lternatively , the  o th er (rea l) variab les 
may a d ju s t to  changes in the  system , thereby  m aking f  o recas ts  
inaccu ra te . It would seem to  be arguab le  th a t  d ire c t observations 
lead to  d ire c t te s ts  of the  REH, because such te s ts  a re  not
independent of the  p a r t ic u la r  conversion procedure used. A more
ap p ro p ria te  conclusion would seem to  be th a t  d ire c t observations can
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provide fu r th e r  em pirical evidence which can be used to  te s t  the  REH.
The o th er conclusion to  be draw n from  the  ch ap te r is th a t  th ere  
is evidence to  suggest th a t  expecta tions d a ta  contain  some
in fo rm ation  to  explain  ac tu a l movements, and a re  b e tte r  a t
fo re c a s tin g  th an  the  "no-change" hypothesis, as well as u n ivaria te  or 
m u ltiv a ria te  tim e se rie s  models. Although the expecta tions may not be 
able to  d e tec t a ll tu rn in g  points in the  level of ac tiv ity , they 
provide a good guide as to  w hether the  variab le  w ill continue
increasing  o r not. M oreover, expecta tions detec ted  the  recessionary  
tu rn in g  points of 1974/5 and 1982/3 in A ustra lia . These expecta tions 
se rie s  may then  be used as a  source of f  u tu re  inf o rm ation  in
determ ining  changes in the  level of activ ity .
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Table 6.1
Percentage of Individuals Reporting Movements
Next 3 Months
Variable Rise Fall Stay-the-same
Output
Employment
Prices
Stocks
Overtime
34.18 20.32 45.51 
18.27 19.69 62.04 
48.95 3.93 47.12 
17.91 27.41 54.68 
14.98 26.68 58.34
Last 3 Months
Variable Rise Fall Stay-the-same
Output
Employment
Prices
Stocks
Overtime
33.31 26.14 40.55 
21.44 28.41 50.16 
45.74 5.60 48.66 
25.69 47.44 26.87 
23.14 29.17 47.68
Table 6.2
Percentage Movement in the Five Variables over the Two Downturns
74:1-75:2 
Output -13.333 (-10.532)
82:1-83:1 
Output -13.861 (-13.861)
74:2-75:3 
Employment -10.678 (-8.455)
82:2-83:3 
Employment -9.383 (-7.438)
73:4-74:3 
Prices 14.504 (19.792)
82:1-82:3 
Prices 5.411 (11.115)
74:1-74:4 
Stocks 20.379 (28.056)
82:2-83:2 
Stocks -12.655 (-12.655)
Overtime
81:4-83:1 
Overtime -38.314 (-29.626)
Note: Figures given in parentheses are annualised percentage 
movements.
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Table 6.3
Determining the Scaling Factor using Realisations
NORMAL DISTRIBUTION
RATIO OF MEANS
Output Employment Prices Stocks Overtime
c 3.883 -0.029 2.066 -15.42 -9.091
Me
RMSE
-0.572 
2.997
0.004 
1.424
-0.225
0.889
-3.626 
6.094
-2.Oil 
11.45
OLS (SYMMETRIC)
c 2.266 
(0.426)
1.548
(0.251)
1.995
(0.076)
6.544
(1.478)
5.932 
(2.813)
R2 0.188 0.298 0.487 0.234 0.094
DW 2.192 2.229 1.326 1.732 2.636
Me 0.036 0.061 -0.146 2.168 3.228
RMSE 2.704 1.232 0.861 3.629 9.526
OLS (ASYMMETRIC WITH SERIAL CORRELATION ADJUSTMENT)
a
b
p,
^2
-1.778 
(0.589) 
2.433 
(0.448)
-1.414
(0.192)
2.063
(0.263)
-0.224
(0.103)
-1.087
(0.486)
2.070
(0.148)
0.253
(0.107)
0.241
(0.107)
-6.229
(1.459)
7.506
(1.540)
-3.715 
(1.935) 
7.541 
(2.385) 
-0.386 
(0.150)
R2 0.201 0.375 0.592 0.276 0.266
x 2 1.431 9.386 3.201 3.388 3.462XI 5.333 4.150 0.435 2.214 10.67
X2 0.100 0.155 5.174 0.144 0.585
X3 0.892 0.045 0.016 3.048 0.342
Me -0.310 -0.274 -0.161 1.615 1.279
RMSE 2.710 1.266 0.765 3.333 9.855
Note: a and b are the parameters in equation (6.16), and c is
obtained by imposing the restriction -a = b = c.
X2 tests the hypothesis that -a = b = c.
Standard errors are given in parentheses.
XI = LM test for up to fourth-order serial correlation, and is 
asymptotically distributed as x(4).
X2 = LM test for heteroscedasticity, and is asymptotically 
distributed as *2(1).
X3 = LM version of the RESET(2) test, and is asymptotically 
distributed as *2(1).
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Table 6.4
Actual and Expected Changes for each of the Conversion Procedures
Autoregressive Model
Actual Expected Output Employment Prices Stocks Overtime
* t 60.0 35.3 98.7 40.7 37.5
4 4^ 4.7 22.4 0.0 24.1 25.0^ 4 5.9 22.4 0.0 11.1 6.3
4 t 29.4 20.0 1.3 24.1 31.2
Constant Probability Model
Actual Expected Output Employment Prices Stocks Overtime
t 60.0 45.9 98.7 11.1 31.2
Ni si 9.4 18.8 0.0 46.3 34.4
•i 5.9 11.8 0.0 40.7 12.5
si 1s 24.7 23.5 1.3 1.9 21.9
Time Varying Probability Model
Actual Expected Output Employment Prices Stocks Overtime
58.8 45.9 98.7 13.0 31.2
i  i 9.4 17.6 0.0 38.9 31.2
t  si 7.1 11.8 0.0 38.9 12.5
i  t 24.7 24.7 1.3 9.2 25.0
Anderson* s Linear Regression Model
Actual Expected Output Employment Prices Stocks Overtime
-r -r 58.8 44.7 98.7 11.1 25.04, 4, 11.8 25.9 0.0 48.1 46.9* si 7.1 12.9 0.0 40.7 18.7
i  + 22.3 16.5 1.3 0.0 9.4
Pesaran1s Nonlinear Regression Model
Actual Expected Output Employment Prices Stocks Overtime
* t 60.0 41.2 98.7 — 25.0
i  4- 9.4 21.2 0.0 — 43.8
t si 5.9 16.5 0.0 — 18.8
i  t 24.7 21.2 1.3 - 12.5
Dynamic Nonlinear Regression Model
Actual Expected Output Employment Prices Stocks Overtime
56.5 44.7 98.7 13.0 37.54 4 14.1 24.7 0.0 44.4 50.0* 4 9.4 12.9 0.0 38.9 6.24 * 20.0 17.6 1.3 3.7 6.3
Note: The Stocks equation failed to converge for Pesaran's nonlinear 
regression model.
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Table 6.5
Proportion of Correct Turning Points - The Level of Each Variable
Procedure Output Employment Prices Stocks Overtime
AR (0) 1/26 (6) 15/36 (0) 0/1 (11) 16/29 (10) 10/20
Probability (1) 2/26 (5) 10/36 (0) 0/1 (6) 7/29 (5) 5/20
Time Varying (1) 5/26 (2) 3/36 (0) 0/1 (0) 2/29 (5) 5/20
Anderson (2) 3/26 (ID 13/36 (0) 0/1 (6) 6/29 (9) 9/20
Pesaran (1) 2/26 (5) 9/36 (0) o/i - (10) 12/20
Dynamic (7) 9/26 (ID 13/36 (0) 0/1 (7) 7/29 (14) 14/20
Proportion of Correct Turning Points - The Change of Each Variable
Procedure Output Employment Prices Stocks Overtime
AR (18) 34/55 (11) 28/54 (0) 16/41 (10) 22/33 (15) 15/21
Probability (13) 36/55 (21) 33/54 (21) 24/41 (11) 20/33 (5) 8/21
Time Varying (5) 34/55 (9) 34/54 (12) 26/41 (6) 20/33 (7) 9/21
Anderson (13) 36/55 (26) 34/54 (14) 26/41 (10) 23/33 (10) 12/21
Pesaran (13) 36/55 (22) 32/54 (21) 26/41 - (ID 12/21
Dynamic (24) 32/55 (33) 42/54 (14) 26/41 (12) 18/33 (19) 21/21
Pesaran and Timmermann’s Predictive Performance Test
Procedure Output Employment Prices Stocks Overtime
AR 3.56 3.87 2.15 3.78 3.08
Probability 3.50 4.02 3.05 3.01 3.08
Time Varying 2.95 3.68 1.40 3.40 3.08
Anderson 3.85 4.42 2.81 3.01 3.43
Pesaran 4.19 3.96 2.84 - 3.03
Dynamic 4.45 4.48 2.56 3.01 4.95
Note: In the first two tables the figures in brackets represent the 
number of turning points detected moving in the correct 
direction. The third table reports the Pesaran-Timmermann non- 
parametric test statistic for the predictive performance of the 
alternative procedures, which are to be compared with a 
standard normal variate under the null hypothesis that actual 
and expected changes are independent. The Stocks equation 
failed to converge for Pesaran's nonlinear regression model.
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Table 6.6
Testing for Unbiasedness in the Probability Model
Variable Method a ß R2 XI X2 X3OLS -.0255 
(.4153)
. 6619 
( .2919)
. 0611 4.551 0.314 1.329
Output Correct OLS [.4242] [.2958] . 0611 4.349 0.314 1.321
IV -.0689 
( .5290)
.7073 
( .4472)
. 0603 4.597 0.856 3.845
Correct IV [.5325] [.4491] . 0603 4.454 0.856 3.845
OLS -.2968 
(.1502)
1.076 
( .2067)
.2554 7.467 0.034 0.059
Employment Correct OLS [.1816] [ .2304] .2554 7.328 0.034 0.056
IV -.3063 
(.1564)
1.121 
( .2908)
.2550 7.655 0.384 4.079
Correct IV [.1889] [.3140] . 2550 7.513 0.384 4.062
OLS .0173 
( .2937)
.9237 
(.1163)
. 4777 6.793 2.531 1.935
Prices Correct OLS [.2940] [.1164] . 4777 5.385 2.531 1.926
IV . 0661 
(.4271)
. 9034 
(.1314)
. 4774 6.918 3.640 11.69
Correct IV [.4271] [.1759] .4774 5.599 3.640 11.60
OLS .9339 
( .4641)
.8383 
( . 2634)
. 1743 2.029 0.195 0.693
Stocks Correct OLS [.5835] [ .3626] . 1743 2.023 0.195 0.689
IV 1.144 
( .5176)
1.018 
( .3268)
. 1662 0.932 3.171 5.503
Correct IV [.6756] [.4450] . 1662 0.932 3.171 5.424
Overtime
OLS 2.669 
(1.872)
2.143 
( .9827)
. 1546 11.44 0.685 2.197
Correct OLS [4.742] [1.709] . 1546 7.234 0.685 2.092
IV 2.506
(1.897)
1.775
(1.171)
. 1496 11.75 6.553 5.228
Correct IV [4.125] [1.709] . 1496 7.642 6.553 3.383
Note: OLS and Correct OLS differ only in the calculation of 
the standard errors, as do IV and Correct IV. All four standard 
errors are given in parentheses.
XI = LM test for up to fourth-order serial correlation, and is 
asymptotically distributed as x(4).
X2 = LM test for hete^oscedasticity, and is asymptotically 
distributed as *(1).
X3 = LM version of the RESET(2) test, and is asymptotically 
distributed as * (1).
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Table 6.7
Testing for Orthogonality in the Probability Model
Series Output Employment Prices Stocks Overtime
Output 0.0769
[0.0808]
0.5810
[0.5872]
0.5642
[0.5694]
0.6901 • 
[0.7672]
0.0556 
[0.0744]
Employment 0.0317
[0.0327]
0.1394
[0.1480]
— — —
Prices — — 0.2368
[0.2461]
0.3341 
[0.3402]
—
Stocks — — 0.8834
[0.8869]
—
Overtime — — — — 0.0015
[0.0057]
Terms of Trade 0.2582 
[0.2619]
— 0.3723
[0.3752]
— —
Exports 0.4554
[0.4576]
— — —
Wages — 0.9111
[0.9115]
0.4017
[0.4060]
— 0.0276 
[0.0292]
Input Prices — — 0.2717
[0.2742]
— —
Imports — — — 0.5791
[0.5878]
—
Vacancies — — — — 0.0218 
[0.0220]
Disputes 0.0059 
[0.0081]
R2
RESET(2) 
ALL
0.2417
0.0092
[0.0092]
0.0414
[0.0417]
0.0756
1.2753
[1.2742]
0.7592
[0.7689]
0.1595
0.2105
[0.2100]
0.7915
[0.8241]
0.1745
0.8816
[0.8260]
0.7989
[0.7990]
0.6543 
0.4222 
[0.4115] 
0.0004 
[0.0024]
Note: The figures given are the probabilities that all the parameters 
associated with a particular variable are jointly equal to zero 
using the OLS covariance matrix. The figures in parentheses are 
based on using the Correct OLS covariance matrix. Lags for all 
series are of order three, except for the Overtime equation 
which uses two lags due to the small number of observations 
available. The probabilities are taken from the % z distribution, 
with kl degrees of freedom, where kl = 2 or 3. ALL is the 
probability that the parameters are jointly insignificant. The 
RESET(2) test statistic is distributed as x , with 1 degree 
of freedom.
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Table 6.8
TYP Estimates for the Probability Model
Parameter Output Employment Prices Stocks Overtime
7 0.150 0.170 0.250 0.540 -
(0.069) (0.076) (0.106) (0.177)
a -3.299 -1.491 -0.856 -2.537 -3.6350 (1.247) (0.625) (1.054) (3.455) (2.187)
b 2.596 2.505 1.882 12.81 7.8530 (1.381) (1.232) (0.596) (3.566) (3.504)
2S 3.873 0.807 0.544 3.636 61.41
ln (L) -59.43 12.36 28.95 -32.03 -78.24
Me -0.452 0.333 -0.150 1.350 4.100
RMSE 1.958 0.946 0.465 3.154 8.192
ä -1.667 -1.835 -0.679 -5.926 -11.69
b 2.615 2.618 2.077 7.015 15.48
Modelling the Time Varying Parameters
Output Employment Prices Stocks Overtime
a bt t a bt t a bt t a bt t a bt t
c
X
X1
-.527 .417
(.178)(.160) 
.249 .386
(.037)(.035) 
-.094 -.178 
(.041)(.039)
-.238 -.246 
(.105)(.157) 
.300 .283
( .040) (.045) 
-.217 -.124 
( .041) (.045)
-.253 .221
(.109)(.100) 
-.067 .434
(.042)(.027) 
.096 -.227 
(.045)(.041)
-3.37 .728
( . 475) ( . 323) 
.282 .364
( .039) (.040) 
-.008 -.174 
(.046) (.043)
-.913 2.70
(.706)(1.41) 
.165 .399
( . 053) ( . 075) 
-.322 -.083 
(.055) ( .082)
X2 -.019 -.066 (.039)(.037)
-.047 -.086 
( .040) ( .044)
.014 -.082 
(.046)(.030)
— — -.031 -.155 
(.052) ( .076)
X3 -.056 -.080 (.037)(.034)
-.044 .054
( . 040) ( . 044)
.039 -.027 
(.045) ( .029)
— — — —
X4 .005 -.044 (.071)(.053)
.101 -.103 
( . 041) ( . 045)
-.002 -.005 
( .042) ( .026)
— —
al .723(.071)
.861 
(.048)
.886 
(.049)
. 441 
(.078)
.950 
(.044)
bl .835(.053)
.904 
( .055)
.798
(.071)
.895 
(.044)
. 828 
(.083)
R2 .628 .808 .786 .695 .835 .883 .645 .851 .927 .763
x2 18.40 26.62 0.455 24.86 12.17
2Note: x is a chi-squared statistic with two degrees of freedom and 
tests the diagonality of the covariance matrix. The subscripts 
in the second table refer to lag lengths. Standard errors are 
given in parentheses.
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Table 6.9
Dynamic Nonlinear Regression Model
5 5
aR - /3F +t t R Z 7 Xt j = l l j + F £t-j t j= 7 X1 2J t-J
t 1 - r R10 t - 7 F20 t
t
Parameter Output Employment Prices Stocks Overtime
a . 0889 . 0645 . 0108 . 1597 . 0766( .0130) (.0094) (.0065) ( .0121) (.0304)
ß . 0499 . 0495 -.2509 . 1435 . 0360( . 0155) (.0068) ( .0975) ( .0500) ( .0178)
* , o " . 0092 ( . 0018) '
. 0227 
(.0008)
* 2 0 " -.1336 (.0543) "
. 0100 
( .0018)
-.0190 
(.0045)
-.0089 
(.0045)
. 0047 
( .0020) '
-.0048 
( .0014)
* 1 2 -.0048 ( .0016)
* 1 3 *
* 1 4 -.0078 (.0027)
. 0046 
( .0042)
- . 0121 
(.0119)
-.0047 
(.0017)
* 1 5 ' -.0159 (.0145) '
* 2 1 -.0116 (.0046)
-.0022 
(.0009)
* 2 2 *
* 2  3 - . 0066 (.0023)
- - . 0036 
( .0014)
* 2 4 ‘ .0120 (.0107)
-.0033 
(.0015)
* 2  5 . 0086 ( .0029) '
-.0128 
(.0113)
. 0041 
(.0010)
DW 1.919 2.019 1.670 2.026 2.024
ln(L)
R
-188.1 -129.6 -76.51 -127.3 -92.83
0.413 0.431 0.621 0.214 0.808
XI 3.458 5.556 12.26 1.788 2.943
X2 0.000 O'. 464 0.031 0.589 0.851
X3 0.311 1.024 4.854 0.701 1.733
Mo -0.292 -0.195 -0.209 1.538 3.224
RMSE 2.492 1.196 0.963 2.964 7.976
Note: Standard errors are given in parentheses.
XI = LM test for up to fourth-order serial correlation, and is
asymptotically distributed as *2(4).
X2 = LM test for heteroscedasticity, and is asymptotically
distributed as *2(1).
X3 = LM version of the RESET(2) test, and is asymptotically 
distributed as *2(1).
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Table 6.10
Testing for Unbiasedness in the Dynamic Nonlinear Regression Model
Variable Method a ß R2 XI X2 X3OLS -.1292 
( .3118)
.7598 
(.1464)
. 2544 4.345 0.026 0.096
Output Correct OLS [ .3640] [.1822] .2544 3.467 0.026 0.092
IV -.4411 
( .4520)
1.082 
( . 3591)
.2085 7.024 0.792 2.353
Correct IV [ .4603] [ .5719] .2085 4.795 0.792 2.352
OLS -.1901 
(.1373)
.9543 
(.1517)
. 3337 2.838 0.985 0.211
Employment Correct OLS [.2381] [.2897] . 3337 1.638 0.985 0.163
IV -.2166 
( .1410)
1.163 
( . 2462)
.3178 3.943 0.856 3.136
Correct IV [ . 2725] [ . 4081] .3178 2.545 0.856 3.001
OLS .8043 
(.2532)
. 5825 
(.0944)
. 3555 7.203 4.267 2.551
Prices Correct OLS [.2964] [.1152] .3555 6.709 4.267 0.687
IV . 6771 
( .2905)
. 6344 
(.1108)
.3527 6.972 11.80 18.38
Correct IV [ . 3272] [.1280] .4293 6.618 11.80 18.20
OLS 1.036 
( .4926)
.7420 
( .2385)
. 1678 1.816 0.070 0.002
Stocks Correct OLS [.6023] [.3300] . 1678 1.761 0.070 0.002
IV 1.215 
( .5672)
.8643 
( .3060)
. 1633 1.768 3.470 6.651
Correct IV [.6919] [ .4122] . 1633 1.597 3.470 6.432
OLS 5.241
(1.429)
1.689 
( .2873)
. 5708 6.610 0.282 1.049
Overtime Correct OLS [1.706] [.3582] . 5708 5.917 0.282 0.869
IV 5.420
(1.470)
1.776 
( . 3306)
.5687 6.835 0.043 0.827
Correct IV [1.770] [.4062] . 5687 6.139 0.043 0.506
Note: OLS and Correct OLS differ only in the calculation of 
the standard errors, as do IV and Correct IV. All four standard 
errors are given in parentheses.
XI = LM test for up to fourth-order serial correlation, and is 
asymptotically distributed as *(4).
X2 = LM test for heteroscedasticity, and is asymptotically 
distributed as * (1).
X3 = LM version of the RESET(2) test, and is asymptotically 
distributed as *2(1).
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Table 6.11
Testing for Orthogonality in the Dynamic Nonlinear Regression Model
Series Output Employment Prices Stocks Overtime
Output 0.4983 
[0.5912]
0.7945 
[0.8573]
0.0620
[0.1141]
0.5626
[0.6776]
0.0466
[0.0519]
Employment 0.1031 
[0.1155]
0.7329
[0.7594]
— — —
Prices — 0.0763
[0.1141]
0.4046
[0.4451]
—
Stocks — — — 0.6907
[0.7378]
—
Overtime — — — — 0.0389
[0.0509]
Terms of Trade 0.6504 
[0.6888]
— 0.1886
[0.2356]
Exports 0.7058
[0.7127]
— — — —
Wages — 0.9891 
[0.9899]
0.5782
[0.5879]
— 0.1286
[0.1330]
Input Prices — — 0.1750
[0.2167]
—
Imports — — 0.5421
[0.5640]
Vacancies — — — — 0.2546
[0.2614]
Disputes — - — — 0.0420
[0.0489]
R2
RESET(2) 
ALL
0.1924 
4.4835 
[4.1374] 
0.1820 
[0.2809]
0.0324
1.5476
[1.4708]
0.9948
[0.9959]
0.2883
0.1431
[0.1103]
0.1149
[0.4333]
0.1838 
0.4632 
[0.3489] 
0.7586 
[0.7960]
0.6013 
0.5134 
[0.5042] 
0.0870 
[0.1222]
Note: The figures given are the probabilities that all the parameters 
associated with a particular variable are jointly equal to zero 
using the OLS covariance matrix. The figures in parentheses are 
based on using the Correct OLS covariance matrix. Lags for all 
series are of order three, except for the Overtime equation 
which uses two lags due to the small number of observations 
available. The probabilities are taken from the x distribution, 
with kl degrees of freedom, where kl = 2 or 3. ALL is the 
probability that the parameters are jointly insignificant. The 
RESET(2) test statistic is distributed as x , with 1 degree 
of freedom.
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Figure 6.1: Reported Perceived Changes: Last Three Months
Output Employment
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Figure 6.2: Reported Expected Changes: Next Three Months
Output
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Figure 6.3: Actual and Expected Changes for the Best Model
Output-Dynamic Nonlinear Regression Model Employment-Dynamic Nonlinear Regression Model
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Figure 6.4: Time Varying Parameters for the Probability Model
Output Employment
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D a ta  A p p e n d ix
The CAI/W estpac survey of in d u stria l tren d s  is undertaken  fou r 
tim es a year among a "rep resen ta tiv e  sample of A ustralian
m anufactu ring  industry" (March 1973 survey) and goes back to  the  la te  
1950’s, although a d iffe re n t se t of questions w as asked before
1966.2. The response r a te  fo r  the  survey is sligh tly  g re a te r  than  
f i f ty  per cent. It is d is tr ib u ted  in the f i r s t  two weeks of the  f i r s t  
m onth in every q u a r te r  and the  re su lts  a re  usually  re leased  w ithin
th e  subsequent week.
The p rice  d a ta  a re  the  Average P rice of A rtic les Produced by the 
M anufacturing Secto r, A ustra lian  Bureau of S ta tis tic s  (ABS) catalogue 
num ber 6142.0, availab le on a m onthly basis fo r  the  period
1968.7-1989.5. A q u a rte rly  se rie s  fo r  the  period 1968.3-1989.2 a re  
obtained  as the  average of the  m onthly index num bers. The output 
se r ie s  a re  the  In d u stria l Production of M anufacturing f irm s se rie s  
from  the  OECD Main Economic Ind ica to rs  (various issues)
fo r  1966.1-1989.1. Stocks of fin ished  goods se rie s  a re  available on a 
q u a rte r ly  basis f  rom  the  OECD Main Economic Ind ica to rs  over the  
period  1973.3-1981.1. Overtim e se rie s  a re  q u a rte rly , ABS catalogue 
num ber 6330.0 , availab le fo r  the  period 1979.3-1989.2. Finally, 
q u a rte r ly  employment se rie s  a re  obtained from  the  Labour Force 
Survey, ABS catalogue num ber 6204.0, fo r  the  period 1976.3-1989.2. 
Annual f ig u re s  a re  availab le  fo r  the  th ird  q u a rte r  of each year p rio r 
to  1976 and these  a re  spliced w ith  the  m onthly civilian employees 
se rie s , ABS catalogue num ber 6214.0, available from  1967.7-1978.7. 
The Labour Force Survey w ith  th is  spliced se rie s  yields an employment 
se rie s  fo r  1966.2-1989.2.
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Appendix 6.A: Autoregressive and Vector Autoregressive Models
AR(2) Model
Parameter Output Employment Prices Stocks Overtime
Constant . 6577 
( .4287)
-.0821 
( .2184)
2.186 
( .3009)
. 1216 
( .3688)
1.439
(1.239)
p i . 0494 (.1130)
. 0774 
(.1123)
.4535 
(.1126)
. 0773 
(.1317)
-.3323 
(.1825)
. 1970 
(.1127)
. 1661 
(.1137)
.2197
(.1125)
-.0917 
(.1210)
-.0447 
(.1820)
R 2 . 0416 . 0350 . 3822 . 0144 . 1000
VAR and BVAR Models for Output, Employment and Prices
VAR BVAR
Variable Output Employment Prices Output Employment Prices
Constant 1.285 
(.8053)
. 2367 
( .4755)
. 6159 
(.2472)
1.093 
( .6630)
. 1881 
(.3424)
. 8082 
(.2254)
Output . 0886 
( .1256)
. 1289 
(.0654)
. 0102 
( .0385)
. 0331 
( .0986)
. 0504 
(.0389)
. 0034 
(.0227)
Output . 1655 
(.1229)
. 0670 
( .0640)
. 0429 
(.0377)
. 1303 
(.0763)
. 0250 
(.0387)
.0164 
( .0225)
Employ .4200 
(.2419)
-.0669 
( .1260)
. 0352 
(.0742)
. 1932 
(.1450)
. 0084 
(.0992)
. 0175 
(.0438)
Employ . 2390 
( .2445)
. 0462 
(.1273)
-.0656 
(.0750)
-.0937 
(.1455)
. 0825 
(.0999)
-.0193 
(.0440)
Prices -1 . 4910 (.3793)
-.1628 
(.1975)
.4696 
(.1164)
-.2533 
(.2316)
-.0835 
(.1206)
. 3845 
(.0943)
Prices - 2 . 1277 ( . 3842)
-.0663 
(.2001)
. 2264 
(.1179)
-.0610 
( . 2329)
-.0749 
(.1210)
.2324 
(.0947)
R 2 . 1306 . 1116 .4090 . 1037 . 0867 . 3957
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A p p e n d i x  6.B: T h e  R e l a t i o n  B e t w e e n  P e s a r a n ’ s Model  a n d  t h e
P r o b a b i l i t y  Model  w i t h  T i m e  V a r y i n g  P a r a m e t e r s
Given the  basic p robab ility  equation (6.16) in the  te x t , namely 
a r  -  b f
x = ------ ----------- —  (6.B.1)
1 r  -  ft t
and assum ing th a t  the  th resho ld  p a ram ete r a depends upon x^ (which is 
s im ila r to  the  assum ption made by P esaran  (1987) regard ing  equation 
(6.22a) in the  te x t) , then
a = a + a x + e  t o l t  t
b = b .t  o
Using (6.B.2) to g e th e r w ith  (6.B.1) yields 
a r  -  b fo t o tx = -----------------------------------.
( r  -  f  ) -  (1 -a  ) rt  t  i t
If (r -  f  ) =  (a-b)/<r =* 1, thent t  t
a  r  -  b fo t o t 
1 -  (1 -a  ) r
(6.B.2)
(6.B.3)
(6.B.4)
l t
Equation (6.B.4) is s im ila r to  P e sa ra n ’s (1987) equation (6.23), in 
which case one m ight expect to  obtain  sim ila r re su lts  to  those of the  
p robab ility  model w ith  Time Varying P aram eters.
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A p p e n d i x  6.C: Actual  and E x p e c t e d  Values  u s i n g  t h e  B es t  Model
Y E A R AO E ( A O )  AE E (  A E ) AP E (  AP  ) A S  E ( A S ) AOT E ( A O T )
6 7 . 4 0 . 0 0 1 . 1 7 - - - - - -
68  .  1 1 . 5 6 0 . 2 6  1 . 0 6 0 . 5 0 - - - - -
6 8 . 2 1 . 5 4 1 . 2 6  0 . 0 3 0 . 4 5 - - - - -
6 8 . 3 3 . 0 3 1 . 5 4  0 . 4 9 1 . 0 8 - - - - -
6 8 . 4 1 . 4 7 1 . 3 0  0 . 7 1 1 . 5 1 - - - - -
69  . 1 2 . 9 0 1 . 1 3  0 . 9 0 0 . 5  1 - - - - -
6 9 . 2 - 1 . 4 1 0 . 6 8  0 . 5 1 1 . 1 4 - - - - -
6 9 . 3 4 . 2 9 3 . 7 8  0 . 8 3 1 . 2 3 1 . 3 5 0 . 9 4 - - -
6 9 . 4 - 1 . 3 7 - 0 . 4 2  0 . 8 0 1 . 6 4 0 . 3 9 1 . 1 6 - - -
7 0  . 1 4 . 17 2 . 1 8  1 . 0 2 0 . 8 6 1 . 6 2 1 . 3 6 - - -
7 0 . 2 - 1 . 3 3 0 . 6 9  0 . 1 4 1 . 2 7 1 . 2 1 1 . 3 0 - - -
7 0 . 3 - 1 . 3 5 1 . 3 7  - 0 . 1 9 0 . 4 7 0 . 8 8 1 . 3 5 - - -
7 0 . 4 2 . 7 4 5 . 3 8  0 . 7 9 1 . 5 4 0 . 5 9 1 . 4 5 - - -
7 1 . 1 2 . 6 7 0 . 0 3  0 . 7 8 1 . 0 9 1 .  83 1 . 4 5 - - -
7 1 . 2 0 . 0 0 0 . 1 8  - 0 . 1 9 0 . 0 4 1 . 3 1 1 . 8 5 - - -
7 1 . 3 0 . 0 0 2 . 5 4  - 0 . 4 3 0 . 15 1 . 1 1 1 . 3 6 - - -
7 1 . 4 0 . 0 0 1 . 7 8  0 . 1 4 0 . 2 5 0 . 9 5 1 . 5 9 - - -
7 2  .  1 - 5 . 1 9 - 1 . 7 6  - 0 . 7 2 - 1 . 0 1 1 .  56 1 . 0 7 - - -
7 2 . 2 5 . 4 8 2 . 7 2  - 0 . 8 2 - 0 . 3 3 0 . 9 0 1 . 5 9 - - -
7 2 . 3 0 . 0 0 - 0 . 3 6  - 0 . 7 0 0 . 4 0 1 . 2 4 1 . 6 3 - - -
7 2 . 4 5 . 1 9 3 . 8 5  0 . 9 0 0 . 9 7 1 . 2 2 1 . 5 2 - - -
7 3  . 1 2 . 4 7 1 . 5 2  0 . 6 4 0 . 9 3 2 . 5 6 1 . 7 9 - - -
7 3 . 2 0 . 0 0 0 . 3 0  - 0 . 2 4 1 . 0 0 2 . 7 1 2 .  17 - - -
7 3 . 3 7 . 2 3 3 . 5 2  1 . 1 3 1 . 6 9 3 . 2 0 2 . 7 8 - - -
7 3 . 4 - 3 . 3 7 - 4 . 0 6  1 . 5 3 1 . 2 3 1 . 7 3 2 . 5 0 - - -
7 4  .  1 4 . 6 5 0 . 5 5  0 . 4 9 0 . 4 6 3 . 6 1 2 . 7 4 - - -
7 4 . 2 - 1 . 1 1 - 0 . 2 5  0 . 2 5 0 . 6 8 4 . 3 9 2 . 8 9 - - -
7 4 . 3 - 2 . 2 5 - 0 . 4 4  - 2 . 8 0 - 0 . 0 9 5 . 8 7 4 . 7 2 - - -
7 4 . 4 - 4 . 6 0 - 3 . 5 6  - 2 . 4 9 - 1 . 4 4 3 . 7 5 3 . 8 4 - - -
75  .  1 - 2 . 4 1 - 2 . 1 4  - 3 . 1 5 - 2 . 14 3 . 5 3 3 . 3 7 - - -
7 5 . 2 - 3 . 7 0 1 . 2 5  - 0 . 9 8 0 . 4 9 2 . 1 1 2 . 9 2 - - -
7 5 . 3 1 . 2 8 2 . 7 4  - 1 . 7 4 - 0 . 3 2 3 . 3 6 3 . 7 3 -1  .  18 - 3 . 2 1 - -
7 5 . 4 3 . 8 0 2 . 2 9  1 . 6 7 0 . 2 1 3 . 0 5 2 . 8 0 - 2 . 2 4  - 0 . 9 5 - -
7 6  .  1 1 3 . 4 1 . 8 0  0 . 2 5 - 0 . 8 6 2 . 5 4 2 . 7 1 4 .  15 - 0 . 8 1 - -
7 6 . 2 1 . 0 8 - 3 . 2 6  - 0 . 2 9 0 . 4 3 3 . 0 4 4 . 0 6 6 . 6 6  - 0 . 6 8 - -
7 6 . 3 1 . 0 6 1 . 9 9  - 0 . 1 5 - 0 . 0 2 2 . 1 4 3 . 3 1 1 . 3 5  0 . 4 3 - -
7 6 . 4 0 . 0 0 1 . 0 1  - 0 . 1 7 0 . 5 6 2 . 0 6 2 . 4 3 - 0 . 1 1  - 0 . 3 2 - -
77  .  1 - 1 . 0 5 - 2 . 8 2  1 . 6 6 - 0 . 4 0 3 . 5 9 3 . 7 3 0 . 8 5  - 1 . 4 9 - -
7 7 . 2 2 .  13 - 0 . 9 7  - 1 . 4 9 - 0 . 3 0 2 . 0 8 3 . 4 8 3 . 8 6  - 1 . 0 3 - -
7 7 . 3 - 2 . 0 8 0 . 8 2  - 0 . 3 5 - 0 . 0 6 1 . 7 0 3 . 3 0 1 . 3 6  - 0 . 7 1 - -
7 7 . 4 - 1 . 0 6 3 . 3 6  - 2 . 2 2 - 0 . 5 5 1 . 80 2 . 3 5 - 1 . 6 4  - 1 . 5 8 - -
7 8 .  1 2 .  15 1 . 8 9  - 0 . 6 0 0 . 7 4 1 . 8 3 2 .  19 0 . 3 1  - 2 . 2 7 - -
7 8 . 2 - 1 . 0 5 1 . 1 6  0 . 3 5 0 . 3 2 2 . 1 5 2 . 3 0 - 0 . 4 3  - 1 . 9 4 - -
7 8 . 3 0 . 0 0 3 . 0 0  - 4 . 1 0 0 . 2 3 2 .  15 2 . 2 2 0 . 2 4  - 1 . 2 3 - -
7 8 . 4 3 .  19 3 . 3 4  0 . 3 2 0 . 8 6 2 . 9 9 2 . 2 1 - 3 . 3 4  - 0 . 4 4 - -
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A p p e n d i x  6.C (cont)
YEAR AC E ( AO) AE E ( AE) AP E(AP ) AS E( AS ) AOT E(AOT)
79 . 1 1 . 03 0. 27 0 . 36 0. 35 4 . 09 2. 61 0 . 45 - 1 . 10 - -
79  . 2 1 . 02 3. 09 1 . 79 1 . 33 4 . 55 3. 04 -2 . 52 - 0 . 88 - -
79  . 3 3 . 03 2. 12 0 . 38 -0 . 23 3 . 69 4. 1 1 2 . 16 0. 56 - -
79 . 4 0. 00 0. 06 0 . 05 0. 59 3 . 07 3. 16 0 . 67 0. 10 - -
80 . 1 - 0  . 98 0. 83 1 . 41 0. 27 4 . 54 3. 72 -0 . 45 - 0 . 72 - -
80 . 2 -1 . 98 2. 72 1 . 48 0. 42 2 . 08 3. 52 3 . 23 0. 45 - -
80  . 3 2 . 02 1 . 84 -1 . 96 - 0 . 15 3 . 01 3. 30 0. 50 - 1 . 97 - -
80 . 4 - 0 . 99 1 . 77 - 0  . 42 1 . 24 2. 07 1. 82 - 2 . 22 - 0 . 48 - -
81 . 1 2. 00 2. 66 0 . 66 0. 69 2. 10 3. 00 - 0 . 25 - 0 . 75 - -
81 . 2 1 . 96 3. 16 1 . 91 1 . 21 1 . 73 2. 33 1 21 0. 58 -1 . 29 1 . 27
81 . 3 -1 . 92 1 . 48 - 2  . 43 0. 30 1 . 77 2. 99 1 05 0. 24 - 0  . 44 1 . 10
81 . 4 - 0  . 98 3. 62 2 . 22 0. 80 1 . 37 1. 99 - 0 28 - 0 . 69 14 . 4 2 . 64
8 2 . 1 0 00 0. 75 -1 . 31 - 0 . 80 2 . 52 2. 39 - 0 78 - 1 . 92 - 1 0 . 3 -5 . 8 1
82 . 2 -1 98 - 0 . 26 0 . 18 - 0 . 27 2. 56 2. 76 6 08 - 2 . 46 - 6  . 84 -2 . 97
82 3 -6 06 - 0 . 55 - 4 23 - 2 . 37 2 78 2. 72 -0 99 - 3 . 82 - 16 . 5 -9  . 41
82 4 -3 23 - 1 92 - 2 85 - 1 36 1 87 1. 88 -3 49 - 3 . 46 8 . 79 5 . 26
83 1 -3 33 - 3 . 70 -1 42 - 2 . 53 1 65 1 . 43 -4 95 - 4 . 77 - 18 . 7 - 10 . 7
83 2 2 30 - 0 . 94 0 27 - 0 . 70 2. 69 1. 49 -3 83 - 7 . 96 9 . 94 1 . 62
83 3 1 12 2. 38 -1 47 - 0 . 49 1 06 2. 02 1 24 - 0 . 91 1 1 . 3 -1 . 45
83 4 3 33 3. 63 1 35 - 0 . 06 1 10 2. 25 -1 41 - 1 20 1 1 . 2 3 . 43
84 1 1 08 1 97 -1 50 - 0 19 1 25 1. 61 - 0 03 - 0 5 1 -1 . 37 -5 . 80
84 2 2 13 1 94 1 62 1 12 1 34 1 90 1 97 - 1 06 0 . 46 1 . 00
84 3 1 04 0 39 - 0 53 - 0 60 1 69 1 22 2 63 - 0 39 - 3  . 69 -2  . 64
84 4 -1 03 0 79 1 61 0 55 0 83 1 31 -1 61 - 0 66 23 . 4 - 0  . 64
85 1 2 08 - 0 41 - 0 32 - 1 02 1 27 1 43 - 0 04 - 2 56 - 3  . 10 -3 . 16
85 2 1 02 0 33 -1 45 0 21 2 99 2 02 0 69 - 2 34 -3  . 20 -2  . 47
85 3 1 01 1 00 - 2 36 0 08 1 7 1 2 48 3 27 - 1 1 1 - 2  . 07 -4 . 95
85 4 0 00 2 02 2 92 0 85 0 98 2 07 0 64 - 1 27 1 1 . 4 3 . 17
86 1 1 00 - 0 08 1 05 - 0 76 1 58 2 09 1 6 1 - 2 83 -1 . 89 -12 . 0
86 2 0 00 0 56 - 0 55 0 00 - 0 52 1 86 1 89 - 1 21 -4  . 63 -1 . 04
86 3 - 0 99 - 0 70 -1 . 71 - 2 09 2 55 1 60 - 1 0 . 4 - 3 20 - 6  . 88 -5 . 7 1
86 4 -1 00 - 0 86 0 07 - 0 98 2 73 1 73 - 0 . 28 - 2 04 18 . 7 1 . 85
87 1 1 . 01 - 0 07 0 58 - 0 33 1 . 61 2 23 -1 . 70 - 2 37 - 6  . 23 - 2 . 32
87 2 2 00 0 97 1 00 - 0 19 1 38 2 13 -3 . 12 - 0 92 4 . 30 -1 . 08
87 . 3 1 96 1 29 0 . 35 - 0 34 1 65 1. 75 3 . 99 0 19 -5  . 99 -2 82
87 . 4 1 . 92 2 88 2 . 91 0 . 70 1 . 83 1 . 7 4 1 . 1 1 - 1 . 12 19 . 1 3 73
88 . 1 2 . 83 0 . 57 - 0 . 95 - 0 . 89 2 . 37 1. 90 -1 . 33 - 2 . 53 - 8 . 70 -9 98
88 . 2 -3 . 67 0 . 36 0 . 23 0 . 98 1 . 67 2 . 33 - 2 . 27 - 0 . 1 1 -1 . 47 0 58
88 . 3 1 . 90 4 . 98 2 . 05 0 . 45 1 . 42 1 . 84 3 . 96 - 2 . 00 4 . 83 0 48
88 . 4 4 . 67 1 . 38 0 . 78 0 . 68 1 . 27 1. 66 - 0 . 89 - 1 . 65 12. 06 3 45
89 . 1 - 0 . 89 - 0 . 93 0 . 33 0 .41 1 . 61 1 . 47 1 . 06 - 1 . 14 - 6  . 33 -5 49
89 . 2 1 . 92 0 . 06 2 . 1 1 1 . 60 - - 4 . 73 -0 44
Note: 0 = Output ,  E = Employment ,  P = Pr ices ,  S = Stocks,  
OT = Over t ime ,  A i s  the f i r s t  d i f f e r ence  operator ,  and E( .) 
i s  t h e  e x p e c t a t i o n s  o p e r a t o r .
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CHAPTER SEVEN
MULTIVARIATE COINTEGRATION AND ERROR CORRECTION MODELS: 
AN APPLICATION TO MANUFACTURING ACTIVITY IN AUSTRALIA
7.1. Introduct ion
Employment in A ustralian m anufacturing since the mid-1970’s has 
displayed a trend  decline in con trast to the aggregate behaviour of 
the economy in which employment has grown. At the same time, output 
in m anufacturing has grown a t a sim ilar ra te  to the re s t of the 
economy. This period of economic activity, therefore, represents a 
substan tial change in the behaviour of the industry. The contrary  
movements in trend  behaviour of employment and output provide an 
excellent opportunity to examine models of the demand fo r labour.
This chapter te s ts  f  or the existence of long-run relationships 
between employment, output and prices fo r the Australian
m anufacturing sector. These long-run relationships are  then used to 
build sho rt-run , s tru c tu ra l e rro r correction models (ECMs). 
Expectations variables are  included in both the long-run models and 
in the ECMs to te s t w hether they add to the explanatory power of the 
models.
The recent lite ra tu re  on estim ating labour demand functions with 
expectations variables and on the estim ation of equilibrium labour
demand equations is discussed in Section 7.2. Data used in this
chapter, including the expectations variables, are  discussed in 
Section 7.3. Section 7.4 presents the long-run equilibrium equations 
derived using the Johansen (1989a, b) m ultivariate cointegration 
technique, w ith and w ithout the inclusion of the expectations
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variab les. Section 7.5 c o n s tru c ts  the  sh o rt- ru n  s tru c tu ra l  e rro r  
co rrec tio n  equations using the  long-run  e r ro r  co rrec tio n  term  
obtained in Section 7.4. Section 7.6 provides some concluding rem arks 
about the  m anufactu ring  se c to r  in A ustra lia .
7.2. Labour Dem and F u n c t io n s ,  E x p e c ta t io n s  and C o in teg ra t io n
In the  la s t few  y ears  th e re  has been a resurgence  of in te re s t in 
the  d e te rm inan ts  of employment (see, fo r  exam ple, Henry and 
W ren-Lewis (1982), Nickell (1984a, 1984b), Symons (1981, 1985),
W ren-Lewis (1986), Burgess (1988), Hall e t al. (1989), Ilm akunnas 
(1989) and Hagan (1991)).
7.2.1. L abour Dem and F u n c t io n s
T here a re  tw o types of specifica tion  of labour demand functions. 
The f i r s t  has employment as a function  of ou tput (or demand) w ith  a 
possible ro le  fo r  re a l wages. Versions of th is  specifica tion  have 
been estim ated  by Brechling (1965), Nickell (1984a), W ren-Lewis 
(1986), Bean e t  al. (1986), Ilm akunnas (1989) (using a C.E.S.
function), and Hall e t  al.  (1989). The second specifica tion  is 
p resen ted  in the  w ork of Symons (1981), and includes cap ita l stock, 
rea l w ages and the  re a l p rice  of raw  m ate ria ls . It is based on p ro fit  
m axim isation  and can also  include tra n s ito ry  shock variab les. This 
type of re la tionsh ip  is used in Nickell (1984b). E stim ates of th is  
function  a re  availab le in Symons and Layard  (1984), Andrews (1984), 
Symons (1985), Newell and Symons' (1985), Jenkinson (1986) and 
Dimsdale e t al. (1989).
In th is  ch ap te r, the  f i r s t  specifica tion  is used in place of the 
a lte rn a tiv e  specifica tion  w ith  cap ita l stock, due to  the  renowned
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problem s of deriving a re liab le  q u a rte rly  cap ita l stock se rie s . The 
f i r s t  specifica tion  has the  form
Lemp = a  + a  Lout + a  Lwage + a  Lpout + a  Lpinp + u (7.1)
*t  o l t 2 t 3 t 4 t t
w here: Lemp^ is logarithm  of employment; Lout^, logarithm  of output;
Lwage^, logarithm  of nominal wage; Lpout^, logarithm  of output
prices; and Lpinp^, logarithm  of input p rices. The variab le  Lpinp^ is
not usually  included in the  f i r s t  specifica tion  but is p resen t to
estab lish  w hether Symons (1981) is c o rre c t in claim ing th a t  i t  can
47m arkedly improve the  perfo rm ance of labour demand models.
Homogeneity im plies th a t  -a^  = a 2 + a 4> or
Lemp = a  + a  Lout + a  Lrw age + a  Lrpinp + u (7.2)
*t  o l t  2 & t 4  ^ t
w ith  Lrwage^ being the  logarithm  of rea l w ages and Lrpinp^ the
logarithm  of rea l input p rices, w here both a re  d efla ted  by the
logarithm  of the  ou tpu t price  variab le , Lpout^. In th is  ch ap te r the
hom ogeneity re s tr ic tio n  is te s te d  ra th e r  than  being imposed a t  the 
ou tse t.
7.2.2. E x p e c ta t io n s
Dynamic labour demand functions a re  o ften  derived from  an
optim isa tion  of an expected  f  u tu re  production or cost f  unction 
su b je c t to  some c o n s tra in t, the  solution of which has employment as a 
function  of expected  fu tu re  employment or ou tput (see S argen t (1978) 
and Nickell (1986)). However, d a ta  on expecta tions is not read ily  
available.
There is a  tendency to  use lagged employment (output) as a  proxy 
47More recen tly , Symons (1989) argued th a t  the  value added 
specifica tion  of labour demand (which excludes m ate ria l p rices) is 
m ore ap p rop ria te .
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fo r  the  expected fu tu re  employment (output) variab les, assum ing some 
fo rm  of p a r t ia l  ad ju stm en t or adaptive expecta tions model (see, fo r  
exam ple, Brechling (1965), Ball and St. Cyr (1966), Symons (1981), 
and Burgess (1988). W ren-Lewis (1986, p.301) gives an example
"typical of many in the  lite ra tu re " . Burgess (1988) po in ts out th a t  
the  problem  w ith  th is  approach is th a t  it  is not then  possible to  
iden tify  the  s tru c tu ra l  co e ffic ien ts  of the  employment equation.
More recen tly , a r tic le s  have a ttem p ted  to  model expecta tions
exp lic itly . Henry and W ren-Lewis (1982), Nickell (1984a) and
W ren-Lew is (1984) a tte m p t to  model expecta tions using the  ra tio n a l 
expecta tions  hypothesis (REH). However, these  models s u ffe r  from  the 
problem s assoc ia ted  w ith  using model consisten t expecta tions. An 
expected  ou tpu t se rie s  form ed from  a V ector AutoRegression (VAR), 
w ith  re a l ad ju s te d  f isc a l d e fic it and com petitiveness as additional
variab les , is analysed by Hall e t al. (1989), although they conclude
by p re f  e rr in g  a  model w ith  lagged output acting  as a proxy f  or 
expected  fu tu re  output.
Finally, tw o a rt ic le s  by W ren-Lewis (1986) and Ilm akunnas (1989) 
use expecta tions gen era ted  using q u a lita tiv e  response d a ta  from  the 
m anufactu ring  se c to r  in th e ir  employment equations. W ren-Lewis (1986) 
com pares the  perfo rm ance of expected fu tu re  output w ith  ac tu a l past 
ou tpu t, using the  log istic  -probability d istr ib u tio n  m ethod to  convert 
the  q u a lita tiv e  responses into q u an tita tiv e  expecta tions (see Carlson 
and Park in  (1975) and W ren-Lewis (1985)), and concludes: "Our re su lts  
s trong ly  suggest th a t  ou tpu t expecta tions d a ta  derived from  survey 
in fo rm ation  plays a  usefu l ro le  in an econom etric model of U.K. 
m anufactu ring  employment" (p.312). Ilm akunnas (1989) uses the  
expected  fu tu re  change in employment genera ted  from  survey d a ta  and
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from  a ra tio n a l expecta tions model, and notes th a t  the  survey
expecta tions a re  dom inant in th a t  the equation is much sim pler to
48es tim a te  and the re su lts  a re  m ore sensible.
7 .2 .3 . C o in te g r a t io n
Analysis of the  labour m arket is concerned w ith  the  ex istence of 
long-run  or equilibrium  equations consisten t w ith theory . Brechling 
(1965) and Ball and St. Cyr (1966) exam ine the  long-run  im plications 
of th e ir  models. In a  survey a r tic le  of U.K. agg rega te  labour 
m arke ts , Andrews (1986) derives long-run  re la tionsh ip s  and com pares 
them  ac ro ss  d iffe re n t models. Despite the  in te re s t in long-run  or 
equilibrium  re la tio n sh ip s , th e re  has been only a sm all am ount of work 
which uses co in teg ra tio n  analysis to  co n stru c t the  long-run  
equilibrium  equations.
Jenkinson (1986) uses the  f i r s t  s tage  of the  Engle and G ranger 
(1987) tw o -s te p  co in teg ra tio n  procedure to  determ ine the ex istence of 
a single neoclassical long-run  re la tionsh ip  betw een employment, 
cap ita l stock, rea l w ages and re a l input p rices. He concludes th a t  
the  OLS resid u a ls  from  th is  equation a re  n onsta tionary  and th e re fo re , 
r e je c ts  the  ex istence  of a co in teg ra ting  re la tionsh ip . Ilm akunnas 
(1989) uses an ECM fo r  employment to  derive an assum ed single 
long-run  equilibrium  re la tio n sh ip  betw een employment, ou tput and rea l 
wages. S im ilarly , Burgess (1988) finds a long-run  em ploym ent-capital 
re la tio n sh ip  upon e stim a tin g  a single ECM. Som ewhat su rp rising ly , 
however, these  a r t ic le s  assum e a single co in teg ra tin g  vector betw een 
the  variab les, r a th e r  th an  exam ining the  ex istence  of m ultiple
48Again, the  log istic  p robab ility  d istr ib u tio n  is used in converting 
q u a lita tiv e  survey d a ta  responses to  q u an tita tiv e  expecta tions.
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equilibrium  rela tionsh ips.
Alogoskoufis and Sm ith (1990) and Hall (1990) both exam ine rea l 
wage equations using the  Johansen (1989,a b) procedure allow ing fo r  
m ultip le  equilibrium  re la tionsh ip s. Hall (1990) finds a t lea s t one 
long -run  co in teg ra tin g  vecto r betw een wages, productiv ity , 
unem ploym ent, and hours of work. Using sim ilar variab les fo r  a much 
longer tim e period, Alogoskoufis and Sm ith (1990) find  th ree  
co in teg ra tin g  vecto rs.
This ch ap te r allow s fo r  the  ex istence of m ultiple co in teg ra ting  
vec to rs  using the  variab les suggested  by the  labour demand equation 
(7.1), and shows one of these  vecto rs can be in te rp re te d  as a labour 
dem and equation. Given the  sign ificance of the  d ire c t expecta tions 
v a riab les  in the  employment equations of W ren-Lewis (1986) and 
Ilm akunnas (1989), expecta tions variab les a re  inco rporated  into th is  
model and the  re su lts  com pared w ith  a s im ilar specifica tion  which 
excludes the  expecta tions variab les.
7.3. D ata
D ata used in th is  ch ap te r a re  fo r  m anufactu ring  employment, 
ou tpu t, ou tpu t p rices, input p rices and wages, which a re  discussed in 
the  D ata  Appendix. Due to  d a ta  c o n s tra in ts , the  period of estim ation  
used in th is  analysis is 1971.1 to  1988.4. Output p rices, input 
p rices  and w ages a re  not seasonally  ad ju sted , so seasonal dummies a re  
used in the  subsequent analysis. P lo ts of the  levels and percen tage 
changes fo r  the  five variab les a re  given in F igure 7.1.
M anufacturing employment exhib ited  a m arked dow nw ard tre n d  over 
the  period  1975 to  1987. This follow ed a  period pre-1975 of quite 
su b s ta n tia l increases  in m anufactu ring  employment. The exception to
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the downward trend coincides with the mineral boom in Australia in
the early 1980’s. Manufacturing employment has once again started to 
grow since 1987. Manufacturing output shows a pattern of steady 
growth with the exception of the two recessionary periods, namely 
1974/5 and 1982/3, when employment also experienced substantial 
declines. Throughout this analysis, all variables are expressed in 
logarithms and percentage changes are approximated by first 
differences of logarithms.
Expectations variables used in this chapter have been generated
from the Confederation of Australian Industry/Westpac survey of 
49industrial trends. For employment, output and output prices, 
quantitative expectations generated from qualitative responses in 
Chapter Six (Smith and McAleer (1990b)) are used. The tracking 
performances of the three expectations series compared with the 
actual series are reported in Figure 7.2, and the correlations 
between the actual and expected series for output, employment and 
prices are 0.50, 0.58, 0.73, respectively.
7.4. L ong-run E q u il ib r iu m  Equations; The Johansen Procedure
The Johansen (1989a, b) procedure is discussed in Supplement A 
and uses a reduced form equation (7.3).
Ax = y Ax + 9rAx + . . . + 3T Ax + t t x  + llz + v  . (7.3)t 1 t - l  2 t-2 k-l t-k+l t-k t t
v  ~ D(0,  n)t
where A is the first difference operator, x^  is a pxl matrix,
49The purpose of the survey is to ascertain firms’ expected
performance in the forthcoming quarter. Each firm answers the
questions from its own perspective. The responses require firms to 
specify the direction of change, i.e. "up", "down", "same", or "not
available".
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contains an intercept and centred seasonal dummy variables, fi is the
disturbance covariance matrix and t = 1.........  T. Now consider the
structural equation of which (7.3) is the reduced form, namely
*
BAx = 5 Ax + 5 Ax + . . . + 5  Ax + n x + t z + t) (7.4)t 1 t-l 2 t-2 k-l t-k+1 t-k t t
*
where B is a non-singular matrix of contemporaneous relationships, n 
is the long-run structural parameter vector and, in terms of the
- l  *  - l  - lreduced form parameters in (7.3), tt = B tt, 3  ^ = B 5 , fi = B z  and
-1 * *
77  ^ = B v Decomposing the matrix n = aß7, implies n = Baß7 = a ß ' ,
in which case the reduced form cointegrating vector ß is the same as 
the structural cointegrating vector, with only the weighting matrix 
a having changed. The use of the structural ECM (equation (7.4)) 
rather than the reduced form ECM (equation (7.3)) ensures that the 
structural parameters are obtained from these relationships.
A two-step procedure similar to that of Engle and Granger (1987) 
can be generalised for multivariate cointegration. The first step 
estimates the long-run equilibrium cointegrating vector from the 
reduced form equation (7.3), using Johansen’s maximum likelihood 
procedure outlined in Supplement A. Given the matrix ß7 x derived 
from the reduced form ECM, the second step uses this matrix in 
equation (7.4) to estimate the structural model by Instrumental 
Variables (IV). An efficiency problem arises unless a, the matrix of 
weights for the cointegrating vectors in the ECM, is such that each 
cointegrating vector appears in only one equation, i.e. a has 
elements only along its leading diagonal. Otherwise, there are 
potential gains in efficiency from using Full Information Maximum 
Likelihood (FIML) for the whole system of five equations by 
exploiting the cross-equation restrictions.
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7.4.1. E s t im a t in g  th e  L o n g - ru n  E q u a t io n s :  E x c lu d in g  E x p e c ta t io n s
The f i r s t  s tep  of the  Johansen procedure en ta ils  determ ining the 
o rd er of in te g ra tio n  of the  variab les in the  system . Table 7.1 
re p o r ts  both Augmented D ickey-Fuller (1981) (ADF) te s t  s ta t is t ic s  
(including an in te rc e p t and tre n d  term s) and the P erron  and Phillips 
(1987) Z($ ) te s t  s ta t is t ic s  fo r  each of the five se rie s  over the
3
period 1971.1 to  1988.4.
The te s ts  do not r e je c t  the  null hypothesis of n o n sta tio n a rity  
fo r  any of the  se rie s . Given th a t  the  se rie s  a re  unable to  r e je c t  the
null hypotheses of n o n sta tio n arity , the  ADF te s t  is used to  te s t  fo r
the  possib ility  of a  second unit ro o t in any of the  se rie s , allowing 
only an in te rce p t. The te s t  s ta t is t ic s  r e je c t  the  null hypotheses of 
n o n s ta tio n a rity  fo r  the  f i r s t  d iffe ren ces  of each se rie s . However, 
fo r  th e  p rice  va riab le  the  null hypothesis of n o n sta tio n a rity  is not 
re je c te d  a t  lags tw o and fou r. In o rder to  address th is  problem , the 
Akaike In fo rm ation  C riterion  (AIC) and S chw arz’s Bayesian Inform ation  
C rite rion  (SC) a re  used to  se lec t the  optim al lag length fo r  p rices 
in th e  ADF re s u l ts  p resen ted  in Table 7.1. The ap p ro p ria te  lag
appears  to  be zero  or one, and th is  enables a  re je c tio n  of the  null 
hypothesis o f n o n s ta tio n a rity . T herefo re , the  null hypotheses th a t  
the  se rie s  a re  in te g ra te d  of o rd er one a re  not re jec ted .
The expected  change variab les genera ted  in C hapter Six (Smith 
and McAleer (1990b)) a re  also  te s te d  fo r  the  o rder of in teg ra tion .
Both th e  expected  change in output and employment se rie s  a re  1(0), 
while th e  expected  change in p rices  is 1(0) only if  zero  lags a re  
used in th e  ADF, as suggested  by SC.
E stim ating  equation  (7.3) over the  period 1971.1 to  1988.4, the  
d a ta  ind ica te  th a t  a  parsim onious k = 2 is su ff ic ie n t to  ren d er the
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re s u l ta n t  residua l vecto r se ria lly  unco rre la ted . However, the  reduced 
fo rm  equations fo r  employment and input p rices ind icate  some 
in sta b ility , the  la t te r  seem ingly the  re su lt  of the  explosive grow th  
in input p rices  in the  la te  1970’s (see F igure 7.1). Also, the  p lo ts 
of th e  co in teg ra tin g  vecto rs  appear nonsta tionary , which could be a 
re s u lt  of the  ou tput p rice  se rie s  being 1(2) over the  sam ple period.
Over the  sh o rte r  d a ta  period 1975.1-1988.4, the  ou tput price 
s e rie s  is m ore c learly  1(1), i.e . s ta tio n a ry  a f te r  a  un it d iffe rence , 
and th e  reduced form  equations a re  m ore stab le . A lag length of k = 2
s ti l l  produces s ligh t in s ta b ility  in the  input p rice  equation, but a
lag length  of k = 3 seem s to  re c tify  th is  problem .
Table 7.2 p resen ts  the  n m a tr ix  fo r  each of the  five se rie s  when 
equation  (7.3) is f i t te d  w ith  k = 3. T esting  fo r  residua l
a u to c o rre la tio n  ind ica tes th a t  th e re  may be sligh t residua l problem s
in both the  input p rice  and wage equations, w ith  s ig n ifican t 
c o rre la tio n s  a t  lags th re e  and fo u r fo r  w ages and a t  lag fo u r fo r
input p rices. There is also  a s ig n ifican t co rre la tio n  in the  output
p rice  equation  a t  lag seven. However, the  paucity  of observations 
availab le  p reven ts  an increase  in the  lag length on the variab les
necessary  to  model the  res id u a l problem .
The eigenvectors (denoted ß), eigenvalues (denoted A), and the
e r ro r  co rrec tio n  co e ffic ien ts  on each of the  co in teg ra ting  vecto rs  in
each of th e  equations (denoted a), a re  p resen ted  in Table 7.3. Both
the  A s ta t is t ic  (ca lcu la ted  as -T  ln(l-A  ) fo r  the  eigenvaluem ax r
corresponding  to  the  r th  co in teg ra ting  vector) and the  T race
n
s ta t is t ic  (ca lcu la ted  as T race  = -T  2 ln(l-A ) fo r  the  r th
l = r +1 1
c o in teg ra tin g  vector) suggest th a t  th e re  a re  th re e  co in teg ra ting
re la tio n sh ip s , when com pared w ith  the  c r it ic a l values provided in
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O ste rw a ld -Lenum  (1990). The f i r s t  co in te g ra tin g  vec to r resembles an 
o u tp u t equation, the  second, an em ploym ent equation and the th ird ,  a 
wage equation. The hypothesis o f a fo u r th  co in te g ra tin g  vec to r is 
re je c te d  a t the  ten  per cent leve l using both the T race  and A 
s ta t is t ic s .
The w e igh ts  on the c o in te g ra tin g  vecto rs  (the a m a tr ix  in  Table
7.3) are  sm a ll f o r  the ou tpu t p rice  equation. Consequently, Table 7.4
re p o rts  the  eigenvalues and e igenvectors associated w ith  te s tin g  the
fo llo w in g  n u ll hypotheses: = 0 fo r  j  = 1, 2, 3; = a = 0 fo r
i  = 1, 2, 4, 5, and j  = 1, 2, 3. The te s t s ta t is t ic ,  w h ich  is 
2 2
d is tr ib u te d  as x f o r  a = 0  and y f o r  a = a = 0, is ca lcu la ted
1 3 j  2 3j i j
as
-21n(H |K  ) = - T Z  In 
2 '  1 1=1
r a-**)
(1-A )
i
w here  H is  the  u n re s tr ic te d  model,
l
num ber o f c o in te g ra tin g  re la tio n sh ip s ,
(7.5)
H the re s tr ic te d  model, r  the 
2
A^  the i th  eigenvalue fro m  the
u n re s tr ic te d  Johansen procedure, and A  ^ the 
im posing the  re s tr ic t io n  associated w ith  H . For 
0, j  = 1, .., r ,  the  te s t s ta t is t ic  is ca lcu la ted  as
ith  eigenvalue a f te r  
the  case H : a =
2 3j
-21n(H I H ) 
2 '  1
-56  In {
(1 -0 .4 1 9  ) ( l - 0 .3 9 6 ) ( l - 0 .2 8 3 )  
(1 -0 .4 2 0 )  (1 -0 .4 1 2 ) (1 -0 .2 9 2 )
2.209.
A t the  f iv e  pe r cen t leve l o f s ign ificance , the  n u ll hypothesis a = 
0 is  no t re je c te d , i.e . o u tp u t p rices  a re  w eakly exogenous to  the 
re s t o f the  system . Th is  re s u lt suggests th a t the  system  could be 
re -e s tim a te d  w ith  fo u r  va riab les , cond ition ing  on the ou tpu t p rice  
va ria b le  w ith o u t s ig n if ic a n t ly  a ffe c t in g  the co in te g ra tin g  ve c to r ß. 
The hypothesis o f weak exogeneity  fo r  the  o the r va riab les  is re je c te d  
a t the  one per cen t s ig n ifica n ce  leve l (see Table 7.4).
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R esults of te s tin g  the null hypothesis th a t  p rices a re
homogeneous in equation (7.1) a re  also rep o rted  in Table 7.4. The
f  orm of the  te s t  s ta t is t ic  is the  same as th a t  noted above in
equation (7.5), except th a t  the  hypothesis r e fe rs  to  hom ogeneity
and places re s tr ic tio n s  on ß r a th e r  than  a. The te s t  s ta t is t ic  is 
2
d is tr ib u ted  as x  » w here r  is the  num ber of co in teg ra ting
rm
re la tionsh ip s  and m the  num ber of re s tr ic tio n s  imposed on ß. In th is
2
case, r  = 3 and m = 1, so the te s t  s ta t is t ic  is d is tr ib u ted  as X3 and
yields a ca lcu la ted  value of 7.160, leading to  acceptance of
hom ogeneity a t  the  five per cent sign ificance level.
The p lo ts of the  co in teg ra tion  re la tionsh ip s a re  p resen ted  in
Figure 7.3 and a re  num bered from  the  m ost to  the  lea s t co in teg ra ted
on the  basis  of the  eigenvalues. For each co in teg ra ting  re la tionsh ip
th e re  a re  tw o p lo ts, namely ß '  (method 1) and /3 'R ^  (method 2),
w here R a re  the  res id u a ls  from  having excluded the  influence ofkt
Ax , ...» Ax on x Johansen and Juselius (1990, p.9)t-l t-k+l t-k
explain th a t  "the g raphs ß 'x ^  describe the  ac tua l deviation from  the 
equilibrium  pa th  as a  function  of sh o rt- ru n  e ffe c ts , w hereas ß 'R ^  
describe the  ad ju stm en t pa th  co rrec ted  fo r  the  sh o r t- ru n  dynamics of 
the  model" (using the  no ta tion  of th is  chap ter). Consequently, th e re  
is no need fo r  ß 'x ^  to  resem ble a w hite noise p rocess even fo r  the
m ost co in teg ra ted  re la tio n sh ip s , i.e. those w ith  the  la rg e s t
eigenvalue. Table 7.5 re p o r ts  the  long-run  coeffic ien t m a tr ix  n = a ß '
fo r  r  = 3.
One of the  m ajo r problem s in the  co in teg ra tion  l i te ra tu re , and 
the  assoc ia ted  es tim ation  of long-run  equilibrium  equations, is the
absence of estim ated  s ta n d a rd  e r ro rs  fo r  the  p a ram ete r es tim ates . The 
basic problem  is th a t  th ese  p a ram ete r e s tim a tes  a re  "super
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-1  - 1 /2  consisten t" , converging a t  the  r a te  T ra th e r  than  the  usual T ,
such th a t  the  t - r a t io s  fo r  these  p a ram ete rs  a re  not draw n from  the
norm al d is tr ib u tio n , even in large  sam ples. A quick and sim ple m ethod
of obtain ing  s ta n d a rd  e rro rs  fo r  the  Johansen procedure involves
bo o tstrap p in g  the  co in teg ra tin g  re la tionsh ip  ß'  x^. This m ethod is
described  in Appendix 7 .A.
The use of ß ' x . in the boo tstrapp ing  procedure yields very large 
s ta n d a rd  e r ro r  bounds, caused by the  large  flu c tu a tio n s  in the 
co in teg ra tio n  re la tionsh ip s  (see F igure 7.4). Consequently, the  
p rocedure  is rep ea ted  using , which c o rre c ts  the  long-run  
a d ju s tm en t p a th  fo r  sh o r t- ru n  dynamics, in place of and the
n in e ty -fiv e  per cent confidence in te rv a ls  fo r  the  coeffic ien t 
e s tim a te s  a re  rep o rted  in Table 7.3. In the  output equation, input 
p rices a re  not sign ifican tly  d iffe re n t from  zero . The hypothesis th a t  
the  c o e ffic ien t on employment is zero  only m arginally  fa ils  to  be 
re je c te d  a t  th e  five per cent level. Despite the  sm all coe ffic ien t on 
ou tpu t and input p rices in the  employment equation, both a re  
s ig n ifican tly  d iffe re n t from  zero . Finally, in the  wage equation 
em ploym ent is not s ig n ifican tly  d if fe re n t from  zero.
Thus, th e re  appear to  be th re e  long-run  re la tio n sh ip s  fo r
ou tpu t, em ployment, and wages. In a ll th re e  equations, i t  is the 
p rice  v a riab le s  which appear to  be m ost im portan t. A hom ogeneity 
re s tr ic tio n  in p rices  is accep ted  acro ss  the  th re e  equations.
7.4.2. E s t im a t in g  th e  L o n g -r u n  E q u ation s;  I n c lu d in g  E x p e c ta t io n s
Section  7 .2 .2  ind ica tes th a t  expecta tions v ariab les  play an 
in te g ra l p a r t  of any dynamic employment equation. Inco rporating  and 
conditioning on the  expected  change variab les, the reduced fo rm  ECM,
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equation (7.3), is now w ritten  as
y Ax + j  Ax +
1 t-i 2 t-2
r  Ax + 7TX + ßz
k-1 t-k+1 t-k t
+ 5 Axe + v (7.6)
t-1 t t
where  ^ ^Ax®, the vector of the expected change in x in period t 
form ed in t-1, is predeterm ined a t time t. Table 7.1 shows th a t the 
expected change variables are sta tionary , so th a t equation (7.6) is 
s till balanced. This vector has expectations only fo r output,
employment and output prices. The equation is sim ilar to equation 
(3.1) in Johansen and Juselius (1990), where the five-equation system 
of exchange ra te s , in te rest ra te s  and prices are  conditioned on the 
world price of oil which is argued to be exogenous. The tw o-step  
procedure fo r th is problem is sim ilar to  th a t outlined in Section 
7.4. Equation (7.6) is estim ated as the reduced form  ECM to derive 
the cointegration relationships, which are then used in a s tru c tu ra l 
equation sim ilar to equation (7.5) w ith the inclusion of ^Ax* as an 
additional explanatory variable.
In estim ating equation (7.6), a lag length of k = 3 yields a 
stable model fo r each equation, w ith the residuals serially  
uncorrelated. Table 7.2 again repo rts  the n m atrix  corresponding to 
equation (7.6). Table 7.6 reports  the ß and a m atrices from  the 
Johansen procedure. Now at- most two cointegrating relationships are 
present, w ith the existence of the second cointegrating relationship 
marginal a t the ten per cent significance level using the ^max 
s ta tis tic . However, the Trace s ta tis tic  re je c ts  a second
cointegrating relationship. Plots of ß ' x^ and ß 'R ^  are  reported  in 
Figure 7.4 and indicate th a t the second cointegrating vector is 
stationary . The f i r s t  cointegrating vector resembles an output
327
equation  and the second, an employment equation. The boo tstrapped  
n inety -five  per cent confidence in te rv a ls  using R show th a t  no 
variab le  is sign ifican tly  d iffe re n t from  zero  in the  output equation; 
however, both employment and input p rices a re  s ign ifican t a t  the  ten  
per cent sign ificance level. In the  employment equation, a ll p rices 
a re  s ign ifican t, a lthough output is now insign ifican t.
Table 7.5 re p o rts  the  long-run  coeffic ien t m a trix  n = aß '  fo r  r
= 2. The hom ogeneity hypothesis is te s te d  again and, w ith  two
2
co in teg ra tin g  re la tionsh ip s, the  s ta t is t ic  is d is tr ib u ted  as x  • At 
the  five per cent level of sign ificance, the  null hypothesis is 
easily  accepted. Table 7.7 re p o rts  the  co in teg ra ting  vecto rs w ith  the 
hom ogeneity re s tr ic tio n  imposed.
It can be seen from  the  a  m a tr ix  in Table 7.6 th a t  the  
co in teg ra tio n  re la tio n sh ip s  e n te r  into the  output price  equation w ith 
very sm all coeffic ien ts . R esults from  te s tin g  the re s tr ic tio n s  =
0, j  = 1, 2, a re  rep o rted  in Table 7.7, and it is c lea r th a t  the  
re s tr ic tio n s  a re  easily  accepted a t  the  five per cent sign ificance 
level. In addition, the  hypothesis = 0 is also accepted  a t
the  five per cent level. T esting  the  weak exogeneity of the  o ther 
th re e  variab les in the  system  leads to  a s tro n g  re je c tio n  of the  null 
hypothesis a t  the  five per cent level. For th is  model, the  ECM could 
be respec ified  as a  th re e -e q u a tio n  system  in output, employment, and 
input p rices, conditioning upon output p rices, w ages and the 
expecta tions  variab les.
In conclusion, th e re  a re  now a t  m ost tw o co in teg ra ting  equations 
in output and employment. The th re e  p rice  variab les continue to  be 
im portan t in the  employment equation a t the  expense of output. In the 
ou tpu t equation, a ll of the  co effic ien ts  a re  co rrec tly  signed, but no
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v ariab le  has a coeffic ien t sign ifican tly  d iffe re n t from  zero.
Homogeneity continues to  be accepted.
The ß m a tr ix  and eigenvalues fo r  the  Johansen procedure w ith  an 
in te rc e p t in the  co in teg ra ting  vector a re  rep o rted  in Appendix 7.B. 
The re s u lts  a re  not m arkedly d iffe re n t from  those rep o rted  in Tables 
7.4 and 7.6. When expecta tions a re  included in the  reduced form  ECM, 
the  co in te g ra tin g  vec to rs  a re  s im ila r to  those of Table 7.6 and the 
hypothesis of tw o co in teg ra ting  vecto rs  cannot be re je c te d  a t  the  ten  
per cen t level of sign ificance. Homogeneity is accepted a t  the  five 
per cen t level of sign ificance, as is the  re s tr ic tio n  th a t  both 
ou tpu t p rice s  and w ages a re  weakly exogenous. On excluding
ex p ec ta tio n s  variab les , the  hypothesis of th re e  co in teg ra ting  vecto rs 
cannot be re je c te d , and the hom ogeneity re s tr ic tio n  and the
re s tr ic t io n  of weak exogeneity of ou tput p rices a re  both  accepted  a t 
the  five per cen t level of sign ificance.
7.5. S t r u c t u r a l  S h o r t - r u n  D y n a m ic  ECM
7.5.1. E x c lu d in g  E x p e c ta t io n s
Table 7.8 re p o r ts  the  re su lts  from  using the  es tim a tes  of ß '  x^ 
from  Section  7.4.1 in equation (7.4). There a re  five ECMs fo r  
em ploym ent, ou tpu t, ou tput p rices, input p rices and w ages fo r  the 
period  1975.1 to  1988.4. Each of the  equations in the  system  is 
e s tim a ted  by In stru m en ta l V ariables (IV). It should be noted th a t  the  
p resence of e r r o r  co rrec tio n  te rm s in m ore th an  one equation implies 
th a t  th e re  is an e ffic iency  loss from  using IV ra th e r  th an  Full 
In fo rm ation  Maximum Likelihood (FIML). The in strum en ts  used in 
e s tim a tin g  th ese  equations, not including the  predeterm ined  variab les
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o f the  system , are o u tlined  in  the note to  Table 7.8, and include 
OECD in d u s tr ia l p roduc tion , OECD Gross Dom estic P roduct (GDP), 
fo re ig n  crude  pe tro leum  p rices , OECD Consumer P rice  Index (CPI), U.S. 
th re e -m o n th  T re a su ry  B il l  ra te , and w o rld  com m odity prices.
In fo rm a tio n  on the  sources fo r  these va riab les  is given in  the Data 
Appendix.
A ll equations are in i t ia l ly  es tim ated  w ith  th re e  lags o f each 
va ria b le , except the th re e  seasonal dummies, the in te rc e p t and the 
e r ro r  c o rre c tio n  te rm s (w h ich  en te r w ith  a s ing le  lag and are denoted 
as c o in t l,  co in t2 , and co in t3  fo r  the  f i r s t ,  second and th ird
c o in te g ra tin g  re la tio n sh ip s , respec tive ly ). These are then reduced to  
m ore pars im on ious models. The ou tpu t, ou tpu t p rice  and in p u t p rice  
equations a ll f a i l  the RESET(2) te s t, o u tpu t and in p u t p rices  f a i l  
the  h e te ro sce d a s tic ity  te s t, bu t a ll equations pass the Lagrange
M u lt ip lie r  (LM) te s t f o r  up to  fo u r th -o rd e r  s e r ia l c o rre la t io n  and 
the  p re d ic tiv e  fa i lu re  t e s t . ^  T he re fo re  m ost o f these equations
appear to  be m isspec ified ; on ly the employment and wage equations
pass a ll te s ts .
The e r ro r  c o rre c tio n  va ria b le s  appear to  p lay an im p o rta n t ro le  
in  these equations. O vera ll, the  system  is  dom inated by the p rice  
va riab les . The re a l va ria b le s  (ou tpu t and em ploym ent) on ly p lay a 
sm a ll ro le  in  de te rm in in g  movements in  any o f the  va riab les . In 
p a r t ic u la r ,  o u tp u t has a ve ry  sm all e f fe c t  on employm ent and on the 
p rice  va ria b le s . O utput p rice s  and in p u t p rices  cause m ost o f the 
movements in  a ll  va riab les , w h ile  wages have a s lig h t ly  sm a lle r ro le .
5°M cA lee r and Tse (1989) show th a t a p re d ic tive  fa i lu re  te s t is 
co n d itio n a l on having hom oscedastic d is turbances.
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7.5 .2 . I n c lu d in g  E x p e c ta t io n s
The s tru c tu ra l  model w ith expecta tions variab les is sim ila r to 
equation  (7.4) w ith  the expecta tions te rm s added and the  ß '  
v a riab les  genera ted  in Section 7 .4 .2 . The re su lts  a re  p resen ted  in
Table 7.9. These models a re  superio r to  the  models w ithout 
ex p ec ta tio n s  as th e re  is less evidence of a functional form  problem . 
All equations easily  pass the  te s t  fo r  up to  fo u rth -o rd e r  se ria l 
c o rre la tio n  and p red ic tive  fa ilu re , only employment exh ib its  any 
evidence of h e te ro sced astic ity . F igure 7.5 p lo ts the  ac tu a l and 
f i t te d  values fo r  th is  model.
Instrum en ta l variab les a re  used fo r  these  expecta tions variab les 
as well as the  c u rre n t endogenous variab les. This f  ollows as the  
ex pecta tions  variab les a re  m easured w ith  e rro r . The lis t  of
in stru m en ts  used in addition  to  the  predeterm ined  variab les in the  
system  is p resen ted  in the  note to  Table 7.9. As well as the
m easurem ent e r ro r  problem , the  expecta tions variab les a re  genera ted  
re g re sso rs  and conventionally program m ed s tan d a rd  e r ro rs  a re  downw ard 
b iased  (see Pagan (1984)). C hapter Four (McAleer and Sm ith (1990))
provides extensive Monte Carlo re su lts  to  exam ine the  e x ten t of the
b ias, which may be su b s ta n tia l. C orrec t IV (see McAleer and McKenzie 
(1991), C hapter 6.4  and Appendix 7.C fo r  the  fo rm  of the  residual 
covariance m atrix ) a re  th e re fo re  rep o rted  along w ith  those from  IV. 
The re su lts  in Table 7.9 show th a t  the  b ias in the  IV s ta n d a rd  e rro r  
e s tim a tes  is, on the  whole, sm all.
Table 7.9 shows th a t  the  co in teg ra tin g  re la tio n sh ip s  a re  again 
s ig n ifican t in m ost equations. The ou tpu t co in teg ra tin g  re la tio n  
appears  in a ll ECMs, except th a t  fo r  w ages, and the  employment 
co in teg ra tin g  re la tio n  appears in the  employment, ou tpu t price  and
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in p u t p r ic e  equations.
In  the  wage ECM, no co in te g ra tin g  re la t io n  en te rs  s ig n if ic a n t ly
and th e re fo re  th is  reduces to  a s tru c tu ra l VAR. Th is  re s u lt f o r  the
wage equation  is  supported by the fin d in g  fro m  Table 7.7 th a t a =
0, j  = 1, 2. However, the in s ig n ifica n ce  o f the  es tim a te  o f a (i.e .
3J
the  absence o f co in te g ra tin g  re la tio n s  fro m  the  ou tpu t p rice
equa tion ), found  using the Johansen procedure, is no t supported by 
the  fin d in g s  o f the s tru c tu ra l model. The c o n f lic t  between these
re s u lts  is  due to  the Johansen procedure fo r  te s tin g  the s ig n ifica n ce
o f the  m a tr ix  a (see Tables 7.4 and 7.7) in  the  reduced fo rm  equation
*
(7 .3 ) , whereas a is now being es tim ated  fo r  the  s tru c tu ra l equation
(7 .4 ) .
The em ploym ent equation behaves in  a s im ila r  manner to  the  ECM 
w ith o u t expecta tions . Of a ll the expected change va riab les , on ly the 
expected change in  employm ent is  m a rg in a lly  s ig n if ic a n t and th is  has 
a p o s itive  c o e ff ic ie n t,  suggesting th a t employment a d ju s ts  p a r t ia l ly  
to  s e l f - f u l f i l l  expecta tions. In  the o u tp u t equation the expected 
p rice  in f la t io n  va ria b le  and the expected change in  ou tpu t are 
s ig n if ic a n t in  the  ou tpu t equation.
The o u tp u t p rice  equation is  s im ila r  to  th a t in  the  model 
w ith o u t expec ta tio ns , w ith  the  expected change in  p rices  en te ring  
w ith  a p o s itive  c o e ff ic ie n t. In  the same way, the  in p u t p rice  
equation rem a ins  la rg e ly  unchanged fro m  th a t spec ified  p rev ious ly , 
w ith  the  excep tion  o f a la rge  negative c o e ff ic ie n t on the  expected 
change in  o u tp u t p rices  w hich, in  p a r t,  o ffs e ts  the  pos itive  
c o e ff ic ie n ts  on a c tua l o u tp u t p rice  changes. The wage equation is 
more sensib le  w ith  the inc lus ion  o f expecta tions and has pos itive  
c o e ff ic ie n ts  on bo th  o u tp u t p rice  in f la t io n  and expected changes in
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o u tp u t p rices , and a negative c o e ff ic ie n t on in p u t prices.
One means o f dem onstra ting  the p ro p e rtie s  o f the  equations in 
Tab le  7.9 is to  show how a one s tandard  dev ia tion  shock to  each 
equation  passes th ro u g h  the system. The re su lts  fro m  s im u la tin g  the 
f iv e  equation  system  are dom inated by the ve ry  la rge  c o e ff ic ie n t on 
the  contem poraneous ou tpu t p rice  va ria b le  in  the in p u t p rice  
equation. In  p a r t ic u la r ,  ou tpu t p rice  and inpu t p rice  shocks are 
responsib le  f o r  the  m a jo r ity  o f the  movements in  a ll  va riab les . 
Consequently, on ly  the re s u lts  o f a fo u r  equation  system, 
c o n d itio n in g  on in p u t p rices , are repo rted . F igu re  7.6 shows the 
e f fe c t  on the  leve l o f a ll va riab les  o f a shock app lied  to  each 
equation ; fo r  exam ple, the  employm ent response g raph in  F igu re  7.6 
estab lishes w h ich  va riab les  are responsib le  fo r  the  movements in  
em ploym ent.
An em ploym ent shock (the so lid  line ) causes an in i t ia l  and 
perverse  f a l l  in  ou tp u t, a lthough ou tpu t subsequently increases up to  
1.8 pe r cen t above its  e q u ilib r iu m  leve l a f te r  th ree  q u a rte rs , be fo re  
re tu rn in g  to  the  baseline. Both o u tpu t p rices  and wages f a l l
pe rm anen tly  in  response to  the  employm ent shock, as does re a l wages.
An o u tp u t shock (do tted  line ) has a n e g lig ib le  e f fe c t  on 
em ploym ent in  bo th  the s h o rt and long run . Wages and o u tp u t p rices  
bo th  r is e , as does re a l wages, in  response to  the o u tp u t shock, bu t 
again the  s ize  o f the  movements is  sm a ll. S im ila r ly , an o u tp u t p rice  
shock (dash -do t lin e ) on ly  has a sm a ll e f fe c t  on em ploym ent as w e ll 
as on o u tp u t, w ith  both fa l l in g  fo llo w in g  an in i t ia l  r ise . Wages r ise  
and re a l wages increase m a rg in a lly .
^ T h is  pe rverse  f a l l  in  o u tp u t fo llo w in g  a p ro d u c tiv ity  shock was also 
found  by B lanchard  (1989) and in  Chapter Two fo r  bo th  the  M urphy 
model and the  VAR models.
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The e ffe c t of a wage shock (dashed line) on output and 
employm ent is m arkedly la rg e r  than  th a t  of an output price  shock. 
Both employment and ou tput fa ll sub stan tia lly , follow ing in itia l 
increases . P rices r ise  befo re  re tu rn in g  to  the base pa th  and rea l 
w ages r ise  perm anently . However, Anyadike-Danes and Godley (1989) 
o f fe r  a  w ord of w arn ing  in in te rp re tin g  the  coeffic ien t on the rea l 
wage te rm  in an employment equation w ithout a demand variab le .
C hap ter Six (Sm ith and McAleer (1990b)) noted th a t  the 
ex p ec ta tio n s  variab les form ed in th a t  paper p red ic t ac tu a l movements 
b e tte r  th an  expecta tions derived from  sim ple tim e se rie s  models. The 
ECMs considered  in th is  ch ap te r a re  m ore com plicated tim e se ries  
m odels, ye t th e  expecta tions te rm s s ti l l  have some exp lana to ry  power 
to  help explain  m anufactu ring  ac tiv ity  in the  period since the 
m id-1970’s.
7.6. C o n c l u d i n g  R e m ar k s
This c h ap te r has developed a long-run  model of m anufactu ring  
a c tiv ity  in A ustra lia  using the  re la tive ly  new technique of 
m u ltiv a ria te  co in teg ra tion . E stim ation  made extensive use of survey 
based exp ec ta tio n s  da ta . A sim ple m arginal cost type of model fo r  
employment iden tified  the  v ariab les  fo r  the  analysis.
Using th e  Johansen (1989a, b) techniques, the  re su lts  of 
e s tim a tin g  long-run  re la tio n sh ip s  suggest th a t , since the  m id-1970’s, 
th e re  ex is ted  long-run  o u tpu t and employment re la tionsh ip s . The wage 
equation, i.e . the  wage co in teg ra tin g  re la tio n , is sensitive  to  the  
in troduc tion  of sh o r t- ru n  expected change variab les in the  reduced 
fo rm  ECM.
S h o rt- ru n  ECMs a re  bu ilt in co rporating  these  long-run  models.
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These ECMs a re  s tru c tu ra l  ra th e r  than  the more popular reduced form  
ECMs of Johansen and Juselius (1990), Juselius (1990) and Hall 
(1990). To ad d ress  the sim ultaneity  problem s in the  s tru c tu ra l  ECMs
in Table 7.8, IV is used in stead  of OLS. The inclusion of 
ex p ec ta tio n s  v a riab les  in to  the  ECMs (Table 7.9) in troduces the 
add itiona l problem s of genera ted  reg re sso rs  m easured w ith  e rro r , and 
th is  re q u ire s  the  use of C orrec t IV in place of IV. However, the  bias 
from  ca lcu la tin g  the  s tan d a rd  e r ro rs  using IV, as opposed to  C orrect 
IV, ap p ears  to  be sm all. The ex istence of m ultiple co in teg ra ting  
vec to rs , and th e  p resence of these  in m ore th an  one equation, 
suggests  th e re  a re  gains to  be made from  using FIML.
The ECMs using the  expecta tions variab les a re  superio r to  those 
w ithou t ex p ec ta tio n s . Expected change variab les a re  s ig n ifican t in a 
num ber of equations and appear responsib le f  or rem oving the 
m isspecifica tion  observed through the  RESET(2) te s ts  in the  equations 
w ithou t ex p ec ta tio n s  variab les (see Table 7.9). Expected changes in
ou tpu t p rice s  e n te r  into all bu t the  employment equation, expected 
changes in o u tpu t en te r  into the ou tput and wage equations, while 
expected  changes in employment appear only in the  employment 
equation. The signs on the  expecta tions variab les a re  consisten t w ith 
theo ry , suggesting  e ith e r the  m an u fac tu re rs  have in fo rm ation  not 
availab le  in e ith e r  the  p a s t o r c u rre n t d a ta , or th a t  expecta tions
a re  se lf - fu lf i ll in g .
Shocks to  ou tpu t and ou tpu t p rices only have a sm all e ffe c t  on 
the  re a l v a riab les  in the  system . A much la rg e r  ro le  is played w ages 
and em ploym ent. A wage shock low ers both employment and ou tpu t in the  
long run  and causes re a l w ages to  r ise , while an employment shock
only has a  tem p o rary  e ffe c t on output.
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The m ajo r em pirical re su lt  to  em erge from  the chap te r regard ing  
em ploym ent in the  m anufactu ring  sec to r is the  re la tive ly  sm all ro le 
played by output in both the long and sh o rt run, com pared w ith  the 
ro le  played by re la tiv e  prices. There is no su b s tan tia l evidence fo r  
A u stra lia  over the  period 1975-1988 to  argue w ith Symons’ (1985, 
p.48) finding th a t: "Controlling fo r  re la tiv e  p rices, m easures of
a g g reg a te  demand did not a ffe c t  the  level of employment during these 
periods".
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Table 7.1
Testing the Order of Integration
Augmented Dickey-Fuller Tests
Levels Lag Length
4 2 1 0 AIC SC
Lout -2.24 -3.07 -2.47 -2.14 2 2
Lemp -2.50 -2.16 -1.57 -1.31 4 0
Lpout -1.18 -0.86 -0.47 0.65 1 1
Lpinp -0.48 -0.46 -0.26 -0.13 1 0
Lwage -1.15 -0.95 -0.90 -0.72 0 0
Critical Values3 : 5%: -3.47, 10%: -3 . 16.
First Dif f erences Lag Length
4 2 1 0 AIC SC
ALout -4.55 -4.41 -4.41 -7.22 4 0
ALemp -3.73 -4.78 -4.72 -7.69 0 0
ALpout -2.21 -2.76 -3.06 -4.29 1 0
ALpinp -2.98 -3.70 -4.30 -6.33 0 0
ALwage -2.49 -3.64 -4.32 -6.33 0 0
E(ALout) -3.81 -3.93 -4.85 -6.67 0 0
E(ALemp) -4.19 -3.89 -3.06 -3.70 2 2
E(ALpout) -2.12 -2.26 -2.55 -3.41 1 0
Critical Values3 : 5%: -2.90, 10%: -2. 59
Perron and Phillips 2(3»^ ) 
Levels
12 8 4 2
Lout 0.81 1.41 2.54 2.4
Lemp 0.29 0.69 1.28 1.1
Lpout 0.52 0.47 0.24 0.0
Lpinp 0.11 0.09 0.02 -0.0
Lwage 2.85 2.81 2.93 3.0
Critical Values5 : 5%: 6.26, 10%: 5.34.
Note: a. Critical values are calculated from MacKinnon (1990).
b. Critical values are calculated in Dickey and Fuller (1981).
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Table 7.2
Long-run Coefficent (tt) Matrix
Excluding Expectations
Equation
Variable Lout Lemp Lpout Lpinp Lwage
Lout -.233 . 094 . 058 . 225 -.036
Lemp -.026 -.343 -.067 -.253 .273
Lpout .460 .417 -.022 -.334 . 120
Lpinp -.043 . 028 . 001 -.006 . 030
Lwage -.468 -.483 -.005 .269 -.159
Including Expectations
Equation
Variable Lout Lemp Lpout Lpinp Lwage
Lout -.202 . 058 . 073 . 243 . 239
Lemp . 009 -.298 -.116 -.312 . 239
Lpout .430 . 254 .046 -.056 . 019
Lpinp -.051 -.031 .003 . 008 . 025
Lwage -.434 -.272 -.089 -.084 -.023
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Table 7.3
Johansen Cointegrating Vector (Excluding Expectations)
ß matrix
Lout Lemp Lpout Lpinp Lwage X
cointl -18.019 13.216 35.877 -1.1620 -37.195 0.420
coint2 -9.0297 49.660 -37.448 4.5170 41.517 0.412
coint3 13.565 8.4189 28.823 3.7102 -38.659 0.291
coint4 19.495 -52.678 6.7180 -4.1029 -14.855 0.172
coint5 3.4157 23.396 16.609 -11.559 -1.5055 0.001
Test Statistics
H X 95% 90% Trace 95% 90%0 maxVI 0.107 8.176 6.503 0.107 8.176 6.503
r * 3 10.603 14.900 12.912 10.710 17.953 15.663
r s 2 19.322 21.074 18.904 30.032 31.525 28.709
r s 1 29.738 27.136 24.783 59.770 48.280 45.229
r = 0 30.514 33.319 30.841 90.284 70.598 66.486
oc matrix (x!0~2)
Lout Lemp Lpout Lpinp Lwage
cointl 1.3456 0.1855 -0.0420 -0.3628 0.3866
coint2 -0.1455 -0.6695 0.1344 0.7943 0.4121
coint3 -0.3179 0.3108 0.0994 0.0541 0.4614
coint4 0.2025 0.1238 0.2525 1.1500 0.0402
coint5 0.0075 0.0140 -0.0131 0.0077 -0.0002
Bootstrapped 95% Confidence Intervals
Lout Lemp Lpout Lpinp Lwage
cointl -1.0 0.733 1.991 -0.064 -2.060
coint2
(-0.01,1.50) 
0.182 -1.0
(1.12,2.76)
0.754
(-0.22,0.11) (-2.94,-1.10)
-0.091 -0.836
coint3
(0.07,0.29)
0.351 0.218
(0.49,1.00)
0.746
(-0.15,-0.03) (-1.10,-0.56)
0.096 -1.0
(0.18,0.50) (-0.18,0. 59) (0.65,0. 84) (0.02,0.17)
Note: The figures in parentheses are the ninety-five per cent
bootstrapped confidence intervals.
cointl represents the first cointegrating vector (output). 
coint2 represents the second cointegrating vector (employment). 
coint3 represents the third cointegrating vector (wages).
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Table 7.4
Cointegrating Vectors Based on a Matrix Restrictions
(Excluding Expectations)
Lout Lemp Lpout Lpinp Lwage X Test
Hypothesis
a  = 0
3 J
cointl
coint2
coint3
-19.11 22.33 27.99 -0.246 -28.74
-9.020 51.53 -47.42 4.718 53.30
9.326 22.25 22.93 4.792 -30.64
0.419 
0.396 
0.283
2.209
a  = a
3 j 1 J
= 0
cointl
coint2
coint3
-14.63 56.43 -35.24 4.466 -40.42
1.091 21.40 40.76 3.398 -48.88
30.61 -31.21 -10.66 -2.039 4.274
0.399
0.301
0.048
28.25
a  = a
3 J 2 j
= 0
cointl
coint2
coint3
-19.67 25.40 24.94 0.031 -25.30
4.827 43.25 -3.407 6.429 -0.655
-3.120 -10.56 47.68 0.757 -51.98
0.419 
0.299 
0.086
24.24
a = a
3 J 4 j
= 0
cointl
coint2
coint3
-17.36 0.005 32.91 -2.883 -33.27
17.38 -48.11 49.69 -3.182 -58.71
-14.90 31.18 4.310 11.05 -11.35
0.400
0.328
0.000
28.71
a = a
3 J 5 j
= 0
cointl
coint2
coint3
-3.603 -32.48 53.20 -4.426 -57.94
-22.69 28.69 -16.75 -0.476 23.44
23.72 -52.58 -1.087 -6.274 -3.471
0.402 
0.356 
0.041
23.79
Cointegrating Vectors based on Homogeneity Restrictions
(Excluding Expectations)
Note:
Lout Lemp Lrpinp Lrwage Xcointl -20.154 26.510 0.0618 -24.318 0.419
coint2 -9.0428 -22.045 -4.7578 -18.141 0.360
coint3 1.3518 26.858 3.5579 -34.335 0.261
coint4 8.4629 9.6156 -12.171 -9.8755 0.012
cointl
coint2
coint3
represents
represents
represents
the first cointegrating vector (output). 
the second cointegrating vector (employment). 
the third cointegrating vector (wages).
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Table 7.5
Estimates of n = aß' for r = 3 (Excluding Expectations)
Equation
Variable Lout Lemp Lpout Lpinp Lwage
Lout -.272 . 069 .009 . 001 -.044
Lemp . 079 -.282 . 070 .351 .295
Lpout . 446 .407 -.037 -.412 . 117
Lpinp -.034 -.021 . 010 . 042 . 031
Lwage -.438 -.467 -.033 .444 -.151
Estimates of tt = aß' for r = 2 (Including Expectations)
Equation
Variable Lout Lemp Lpout Lpinp Lwage
Lout -.194 . 040 . 006 -.062 . 000
Lemp -.061 -.270 .023 .384 . 089
Lpout . 296 .233 . 031 -.283 -.093
Lpinp -.064 -.027 . 005 . 032 . 013
Lwage -.273 -.245 . 031 .301 . 096
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Table 7.6
Johansen Cointegrating Vector (Including Expectations)
ß matrix
Lout Lemp Lpout Lpinp Lwage X
cointl -17.205 12.629 7.6203 -2.9812 -5.0759 0.465
coint2 -0.7744 43.785 -44.638 6.0328 45.945 0.356
coint3 -25.392 63.161 4.1402 3.5848 4.1119 0.227
coint4 18.207 -18.912 78.299 4.2041 -103.78 0.045
coint5 11.305 17.628 27.519 -10.733 -17.646 0.001
Test Statistics
H0 Xmax 95% 90% Trace 95% 90%■«*VIu 0.095 8.176 6.503 0.095 8.176 6.503
r s 3 2.584 14.900 12.912 2.679 17.953 15.663
r s 2 14.484 21.074 18.904 17.163 31.525 28.709
r * i 24.704 27.136 24.783 41.867 48.280 45.229oIIL 35.027 33.319 30.841 76.894 70.598 66.486
a matrix (x!0~2)
Lout Lemp Lpout Lpinp Lwage
cointl 1.1392 -0.2069 -0 .'0371 0.3281 -0.0096
coint2 -0.4688 -0.5564 0.0627 0.6906 0.2076
coint3 0.1572 0.0459 -0.1874 -0.9500 0.2653
coint4 0.1600 0.0200 0.1075 0.3276 0.1223
coint5 0.0084 0.0266 -0.0000 0.0339 0.0158
Bootstrapped 95H Confidence Intervals
Lout Lemp Lpout Lpinp Lwage
cointl -1.0 0.734 0.443 -0.174 -0.295
coint2 0.018
(-0.07,1.51)
-1.0
(-0.63,1.66) 
1.019
(-0.34,0.01)
-0.138
(-1.77,0.91)
-1.049
(-0.12,0. 16) - (0.58,1.47) (-0.20,-0.07)(-1.56,-0.54)
Note: The figures in parentheses are the ninety-five per cent
bootstrapped confidence intervals.
cointl represents the first cointegrating vector (output). 
coint2 represents the second cointegrating vector (employment).
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Table 7.7
Cointegrating Vectors Based on a Matrix Restrictions
(Including Expectations)
Lout Lemp Lpout Lpinp Lwage X Test
Hypothesis cointl
coint2
16.30 -11.54 -7.276 2.916 5.186 
-3.295 49.97 -46.03 6.332 48.66
0.463
0.352 0.616a = 0
3 j
a. = a
3 j 5 J
= 0
cointl
coint2
16.13 -10.58 -7.629 3.018 -5.580 
0.996 37.78 -52.37 5.406 54.74
0.463 
0.327 2.736
a = a
3 j 5 j
= a = 0i J
cointl
coint2
10.52 -34.92 33.07 -1.817 -36.24
-20.19 68.13 2.748 9.192 -2.837
0.374 
0.039 31.27
a. = a
3 J 5 j
= a. = 0
2 j
cointl
coint2
15.81 -2.810 -16.82 4.055 15.22
6.499 16.11 -56.38 1.868 59.25
0.454
0.148 16.87
a = c l
3 J 5 j
=  a  = 0
3 j
cointl
coint2
16.59 1.412 -27.04 4.560 25.97 
12.10 -56.65 43.61 -5.699 -46.79
0.424
0.218 15.07
Cointegrating Vectors based on Homogeneity Restrictions 
(Including Expectations)
Lout Lemp Lrpinp Lrwage X
cointl -17.657 14.045 -2.9018 -3.3407 0.465
coint2 -9.4820 -21.332 -5.4736 -23.783 0.337
coint3 11.870 -49.850 -5.8831 44.066 0.181
coint4 10.511 18.648 -10.859 -13.641 0.002
Note: cointl represents the first cointegrating vector (output).
coint2 represents the second cointegrating vector (employment).
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Table 7.8
IV Error Correction Model (Excluding Expectations)
ALemp ALout ALwage ALpout ALpinp
ALemp -1.000 0.745 -0.557 - -
(0.439) (0.189)
ALemp - 0.758 -0.205 0.150 -0.474
(0.235) (0.139) (0.047) (0.233)
ALemp - 0.364 -0.157 0.067 -
(0.247) (0.154) (0.045)
ALemp — — —
ALout 0.126 -1.000 - -0.065 0.298
(0.075) (0.028) (0.155)
ALout -0.089 - - -
-  1 (0.077)
ALout - - 0.118 -0.043 -
-  2 (0.079) (0.026)
ALout - - 0.144 -0.063 0.138
-  3 (0.086) (0.027) (0.125)
ALpout - -2.323 0.799 -1.000 4.174
(1.164) (0.309) (0.463)
ALpout -0.964 - -0.991 -0.088 0.651
(0.430) (0.269) (0.144) (0.747)
ALpout -0.486 - - - -
(0.319)
ALpout - - -0.862 - -
(0.397)
ALwage - 0.712 -1.000 0.166 -
(0.487) (0.056)
ALwage 0.431 - - 0.178 -0.600
(0.173) (0.057) (0.251)
ALwage 0.328 -0.374 - 0.087 -0.248
- 2 (0.145) (0.235) (0.051) (0.231)
ALwage - - -0.197 0.087 -
(0.109) (0.032)
ALpinp - 0.396 - 0.198 -1.000
(0.270) (0.023)
ALpinp 0.172 0.253 - 0.078 -0.218-1 (0.093) (0.121) (0.036) (0.170)
ALpinp 0.148 - 0.071 - -
(0.078) (0.060)
ALpinp - - 0.105 - -
(0.092)
cointl - -0.198 -0.145 - 0.104-1 (0.052) (0.034) (0.048)
coint2 -0.338 0.142 - -0.071 0.097-l (0.075) (0.152) • (0.027) (0.119)
coint3 -0.115 0.239 -0.225 - 0.160-1 (0.051) (0.131) (0.069) (0.091)
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Table 7.8 (cont)
ALemp ALout ALwage ALpout ALpinp
Intercept 1.604 -0.530 -1.163 0.428 0.223
(0.477) (1.018) (0.253) (0.161) (0.797)
Q1(dummy) -0.005 0.006 -0.004 -0.001 0.008
(0.005) (0.011) (0.007) (0.002) (0.009)
Q2(dummy) 0.002 -0.018 0.007 -0.004 0.014
(0.005) (0.009) (0.005) (0.001) (0.008)
Q3(dummy) -0.016 -0.002 -0.013 -0.002 0.016
(0.005) (0.012) (0.007) (0.002) (0.009)
R2 0.598 0.512 0.464 0.871 0.784
SC (4) 3.511 3.343 1.282 6.311 5.880
PRED(5) 1.854 5.447 4.161 1.696 1.547
HET 0.062 12.66 0.661 0.011 4.418
RESET(2) 1.932 5.247 1.926 7.426 4.334
Note: SC(4) = LM test for up to fourth-order serial correlation and 
is asymptotically distributed as *2(4).
RESET(2) = LM version of the RESET test and is asymptotically 
distributed as x (1)*
PRED(5) = Predictive failure test and is asymptotically
distributed as *(5).
HET = LM test for heteroscedasticity and is asymptotically 
distributed as *2(1).
Instruments are all the predetermined variables in the system 
and current and one-period lagged values of OECD industrial 
production, OECD GDP, foreign price of crude petroleum, OECD 
CPI, US three-month Treasury Bill rate and world commodity 
prices.
cointl represents the first cointegrating relationship (output). 
coint2 represents the second cointegrating relationship 
(employment).
coint3 represents the third cointegrating relationship (wages).
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Table 7.9
IV Error Correction Model (Including Expectations)
ALemp ALout ALwage ALpout ALpinp
ALemp -1.000 -0.513
(0.243)
[0.302]
ALemp 0.734 
(0.219) 
[0.221]
-0.210
(0.190)
[0.205]
0.074
(0.040)
[0.040]
-0.427
(0.169)
[0.169]
ALemp 0.708
(0.267)
[0.269]
ALout 0.086 
(0.089) 
[0.091]
-1.000 0.126
(0.115)
[0.135]
ALout -l 0.086(0.100)
[0.174]
ALout -2 0.164(0.133)
[0.139]
-0.059
(0.024)
[0.024]
0.241 
(0.102) 
[0.102]
ALout -3 0.150(0.094)
[0.115]
-0.045
(0.023)
[0.023]
0.153
(0.103)
[0.104]
ALpout 0.281
(0.283)
[0.283]
0.668 
(0.703) 
[0.708]
1.726
(1.048)
[1.182]
-1.000 4.459 
(0.492) 
[0.499]
ALpout -0.663
(0.422)
[0.423]
-0.196
(0.135)
[0.150]
0.128 
(0.363) 
[0.436]
ALpout 0.230
(0.580)
[0.723]
-0.144
(0.099)
[0.127]
ALwage 0.669 
(0.373) 
[O’. 376]
-1.000
ALwage 0.278
(0.160)
[0.160]
-0.343
(0.165)
[0.201]
0.105
(0.052)
[0.054]
-0.561
(0.213)
[0.223]
ALwage 0.235
(0.140)
[0.141]
-0.359
(0.228)
[0.246]
0.103
(0.049)
[0.051]
-0.308
(0.181)
[0.184]
ALwage -0.124
(0.132)
[0.159]
0.108
(0.034)
[0.034]
-0.329 
(0.137) 
[0.147]
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Table 7.9 (cont)
A L e m p A L o u t A L w a g e A L p o u t A L p i n p
A L p i n p - 0 . 2 1 3  
(0.198) 
[0.211]
0 . 1 8 4  
(0.023) 
[0.023]
- 1 . 0 0 0
A L p i n p 0.1 0 3
(0.093)
[0.094]
0 . 2 7 6
(0.128)
[0.158]
- 0 . 2 1 9
(0.068)
[0.132]
0 . 0 4 9  
(0.029) 
[0.030]
A L p i n p _ 2 0 . 0 5 7
(0.057)
[0.057]
0 . 2 4 4
(0.141)
[0.153]
A L p i n p _ 3 - 0 . 0 4 9
(0.061)
[0.083]
0 . 0 1 6
(0.017)
[0.017]
cl - l - 0 . 0 4 6(0.024)
[0.025]
- 0 . 2 4 4
(0.049)
[0.050]
0 . 0 2 2
(0.008)
[0.008]
- 0 . 0 8 6  
(0.036) 
[0.037]
c2 - l - 0 . 2 0 7(0.064)
[0.064]
- 0 . 0 4 6
(0.020)
[0.020]
0 . 1 5 9
(0.081)
[0.083]
E (AL o u t ) 0 . 394
(0.254)
[0.271]
0 . 4 1 6
(0.212)
[0.291]
E (A Lemp) 0 . 5 3 9 
(0.278) 
[0.291]
E (A L p o u t ) - 4 . 3 3 6
(1.171)
[1.453]
0 . 8 0 1
(0.553)
[0.843]
0 . 7 0 1  
(0.170) 
[0.209]
- 2 . 0 4 9
(0.700)
[0.798]
I n t e r c e p t  
Q 1 ( d u m m y )  
Q 2 ( d u m m y )  
Q 3 ( d u m m y )
1.353
(0.401)
- 0 . 0 0 3
(0.006)
- 0 . 0 0 1
(0.005)
- 0 . 0 1 4
(0.005)
- 0 . 2 0 7
(0.047)
0 . 0 1 9
(0.011)
0 . 0 0 4
(0.009)
0 . 0 0 1
(0.010)
- 0 . 0 2 5  
(0.010) 
0.0 0 3  
(0.008) 
0 . 0 0 8  
(0.007) 
- 0 . 0 0 9  
(0.008)
0 . 3 1 8
(0.126)
- 0 . 0 0 2
(0.002)
- 0 . 0 0 4
(0.002)
- 0 . 0 0 3
(0.002)
- 1 . 1 0 4  
(0.515) 
0 . 0 1 6  
(0.007) 
0 . 0 1 9  
(0.007) 
0 . 0 1 8  
(0.007)
R 2 0 . 5 9 2 0 . 5 5 8 0 . 3 9 5 0 . 9 0 0 0 . 8 4 5
SC (4) 4 . 7 8 1
[4.748]
2 . 3 4 3  
[2.323]
1 . 0 7 1
[1.047]
4 . 7 7 2
[4.473]
2 . 9 5 1  
[2.873]
P R E D (5) 7 . 5 4 2  
[7.516]
5 . 9 2 7
[5.794]
2 . 1 1 3  
[2.043]
4 . 1 6 2  
[4.156]
4 . 7 4 6  
[4.688]
H E T 4 . 7 7 7 0 . 4 5 4 0 . 5 1 0 0 . 2 9 7 3 . 3 8 9
R E S E T (2) 0 . 2 0 1
[0.188]
1 . 7 0 1
[1.418]
3 . 5 5 4  
[3.171]
2 . 5 5 8  
[1.334]
3 . 3 3 8  
[3.199]
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Table 7.9 (cont)
Note: SC(4) = LM test for up to fourth-order serial correlation and 
is asymptotically distributed as x (4).
RESET(2) = LM version of the RESET test and is asymptotically 
distributed as *2(1).
PRED(5) = Predictive failure test and is asymptotically 
distributed as *2(5).
HET = LM test for heteroscedasticity and is asymptotically 
distributed as *(1).
Instruments are all the predetermined variables in the system 
and current and one-period lagged values of OECD industrial 
production, OECD GDP, foreign price of crude petroleum, OECD 
CPI, US three-month Treasury Bill rate and world commodity 
prices.
Correct IV standard error estimates and test statistics are 
given in square brackets.
cointl represents the first cointegrating relationship (output). 
coint2 represents the second cointegrating relationship 
(employment).
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Figure 7.1: Manufacturing Variables 1971.1 -1988.4: Actual Level and Percentage Change
Output Employment
Output Prices Wages
Input Prices
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Figure 7.2: Actual and Expected Changes From Qualitative Response Data
Output Employment
Prices
Actual
Forecast
Figure 7 3: Cointegration Relationships 1975.1-1988.4 (Excluding Expectation)
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Cointegration Relationship 3 Cointegration Relationship 4
Cointegration Relationship 5
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Figure 7.4: Cointegration Relationships 1975.1-1988.4 (Including Expectation)
Cointegration Relationship 1 Cointegration Relationship 2
Cointegration Relationship 3 Cointegration Relationship 4
Cointegration Relationship 5
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Figure 7.5: Actual and Expected Changes From Error Correction Models (Including Expectations)
Output Employment
Output Prices
Wages
Input Prices
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Figure 7.6: Responses to a One Standard Deviation Shock
Employment Response Output Response
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D a ta  A p p e n d ix
The p rice  d a ta  a re  the  Average Price of A rticles Produced by the 
M anufacturing Secto r, A ustra lian  Bureau of S ta tis tic s  (ABS) catalogue 
num ber 6142.0, availab le on a m onthly basis fo r  the  period 
1968.7-1989.5. Q uarterly  se rie s  a re  obtained as the average of the 
m onthly index num bers. Output se rie s  a re  the  Industria l Production of 
M anufacturing F irm s se ries  from  the  OECD Main Economic Ind ica to rs  
(various issues). Q uarterly  employment se rie s  a re  obtained from  the 
Labour Force Survey, ABS catalogue num ber 6204.0, fo r  the  period 
1976.3-1989.2. Annual f ig u res  a re  available fo r  the  th ird  q u a rte r  of 
each year p rio r to  1976 and these  a re  spliced w ith  the  monthly 
civ ilian  employees se rie s , ABS catalogue num ber 6214.0, available 
from  1967.7-1978.7. The Labour Force Survey w ith  th is  spliced se rie s  
y ields an employment se ries. The price  of m anufactu ring  inputs and 
m anufactu ring  weekly w ages a re  both from  the ABS, catalogue num ber 
6411.0, and 6302.0, respectively .
V ariab les used as in strum en ts in the  IV estim ation  a re  the  OECD 
in d u stria l production index (seasonally  ad ju sted ), the  OECD consum er 
p rice  index, the  U.S. th ree -m o n th  T reasu ry  Bill ra te , the  OECD gross 
dom estic p roduct index (seasonally  ad ju sted ), w orld commodity p rices, 
and fo re ign  crude petro leum  prices. The f i r s t  th re e  se rie s  a re  
obtained  from  the  OECD m ain economic ind ica to rs , and the  fo u rth  comes 
from  the  OECD national accounts se ries. World commodity p rices  a re  
taken  from  the  In te rn a tio n a l F inancial S ta tis tic s , and crude
petro leum  p rices a re  taken  from  the N ational Income F orecasting  
(NIF88) da tabase.
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A p p e n d i x  7 .A: B o o t s t r a p p e d  S ta n d a r d  E rro r  E s t i m a t e s  f o r  t h e  
J o h a n s e n  P r o c e d u r e
The b o o ts trap  procedure takes each co in teg ra ting  residua l vector 
ß ' X  , w here ß m is the  ith  co in teg ra ting  p a ram ete r vector from  ß, 
and se ts  the  ith  elem ent of to  unity, w ith the  new m a tr ix  of 
co in teg ra tin g  re la tio n sh ip s  being w ritte n  as ß'  . F itted  values 
from  the  ith  co in teg ra tin g  re la tionsh ip  a re  defined as ß ' f X -  X ,l ,* t i,t
w here i = 1, r . Each norm alised co in teg ra tin g  vecto r ß'  X is
11*  t
then  resam pled w ith  rep lacem ent, and the  resam pled res id u a ls  a re  
added to  the  co in teg ra tin g  f i t te d  values to  form  a new  ^ variab le . 
This new X^   ^ v a riab le  is then  reg ressed  on the vector X  ^ = (X^
X , . . . ,  X , X , . . . ,  X ), i.e. X w ithout X , w ith  the2,t i-l,t 1+1,t p,t t l,t
b o o ts trap  s ta n d a rd  e r ro r  e s tim a tes  being based on one thousand OLS 
estim a tes  from  reg ressions of X^   ^ on X .^
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A p p e n d i x  7.B: J o h a n s e n  C o in te g ra t in g  Vectors  ( w i t h o u t  an I n t e r c e p t
in  th e  R e d u c e d  Form ECM)
E x c l u d i n g  E x p e c t a t i o n s  
ß m a t r i x
Lout Lemp L p o u t Lp i np Lwage I n t e r A
c o in t l 9 . 7 6 7 9 3 . 9 0 0 1 - 4 5 . 0 3 2 1 .7 0 4 3 4 9 . 2 1 7 - 3 9 . 2 7 2 0 .4 4 8
coint2 - 1 4 . 7 9 2 5 1 . 3 5 0 - 2 4 . 1 4 9 3 . 8 1 8 4 2 7 . 3 9 7 - 2 9 2 . 0 1 0 .4 1 3
coint3 - 1 7 . 6 3 7 - 3 . 6 8 9 8 - 5 . 8 4 3 4 - 3 . 8 5 1 8 1 3 . 9 5 7 9 3 . 5 6 6 0 .3 2 9
coint4 9 . 4 3 8 0 - 3 9 . 5 8 8 - 1 9 . 6 4 4 - 3 . 4 8 1 3 1 8 . 6 2 3 2 8 5 . 4 7 0 .2 0 5
coint5 16 .131 - 3 4 . 5  18 2 4 . 5 4 9 - 3 . 2 8 5 8 - 3 2 . 7 4 9 1 8 6 .6 0 0 .1 3 2
I n c l u d i n g  E x p e c t a t i o n s  
ß m a t r i x
L o u t Lemp Lpou t Lp inp Lw age I n t e r A
c o in t l - 1 7 . 5 0 3 1 4 . 7  19 6 . 4 1 8 7 - 2 . 7 5 1 3 - 3 . 7 4 8 7 - 2 9 . 5 3 6 0 .4 6 5
coint2 - 3 . 4 0 8 0 4 8 . 9 0 8 - 4 0 .  138 6 . 2 1 1 8 4 2 . 2 8 2 - 3 1 2 . 3 8 0 . 3 8 2
coint3 - 2 1 . 6 2 9 4 3 . 4 2 5 1 7 . 4 5 2 1 .5 3 1 3 - 1 0 . 8 1 9 - 2 7 0 . 6 7 0 .2 5 8
coint4 2 2 . 4 1 1 - 3 3 .  8 6 7 7 6 . 4 8  2 1 . 8 2 5 2 - 1 0 0 . 7 4 1 3 5 .5 0 0 .0 4 9
coint5 5 . 0 5 3 5 - 2 1 . 7 4 4 - 1 8 . 2 8  1 - 7 . 0 1 2 1 28 . 101 1 3 6 .6 7 0 .0 2 5
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A p p e n d ix  7.C: C a lc u la t in g  th e  C o r re c t  C o v a r ia n c e  M a t r ix
In th is  appendix an extension o f the  ana lys is  o f the  o f M cA le rr and 
McKenzie is used to  ca lcu la te  the covariance m a tr ix  fo r  a s tru c tu ra l 
equation w h ich  includes tw o  expecta tions va riab les  generated f  rom  
q u a lita tiv e  responses. In  m a tr ix  fo rm , the s tru c tu ra l equation is 
w r it te n  as
x  = D y + x e ß + x e ß + u  (7.C.1)
1 - 1 2  1 - 1 3  2
where D is a m a tr ix  o f e xp la n a to ry  va riab les  and x e and x e are
- 1 2 - 1 3
expecta tions fo rm ed  in  pe riod  t-1  f o r  x^ and x^, respec tive ly . W ith  
^x* and ^x^ unobserved, the  tw o  expecta tions equations a re  obta ined 
as
x  = Z 8 + v (7.C.2a)
2 1 l
x *  = W 5 (7.C.2b)
-1  2 1
and
x = Z a + v  (7.C.3a)
3 2 2
x e = W a. (7.C.3b)
- 1 3  2
Estim ates o f x e and x *  are obta ined by e s tim a tin g  (7.C.2a) and
(7.C.3a) by OLS to  ob ta in  estim ates o f 8 and a, respec tive ly , w hich
and are  then used in  (7.C .2b) and (7.C.3b) to  ca lcu la te  x* and
-1  2
respec tive ly . Using these expecta tions  va riab les  in  equation 
(7.C.1) y ie lds
©  ©
x  = D y + x ß  + x ß + v
1 - 1 2  1 - 1 3  2
in  w hich
u -  ( x e -  x e) ß -  ( x e -  x e) ß
- 1 2  - 1 2  1 - 1 3  - 1 3  2
u -  ß W (8 -  8) -  ß W (a -  a) 
1 1  2 2
u -  ß W ( Z ' Z  l ^ Z ' v  -  ß W ( Z 7Z  )~l z ' v  
1 1 1 1 1 1 2 2 2 2 2 2
(7.C.4)
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The covariance m atrix  v is given by
Cov(v) = o'2 I -  er ß  [W (Z7Z )_1Z7 + Z (Z7Z )-1\V7 ] +
u ul l  1 1 1 1  1 1 1 1  1
l
<r2 ß 2 W (Z7Z f V  -  o' ß  [W (Z7Z )_1Z7 + Z (Z7Z f V  ] +
O 1 1 1 1 1 u U 2 2 2 2 2 2 2 2  2
1 2
O' 2 ß2 W (Z7Z )_1w7 +0' ß ß [W (Z7Z )_1z 7z (Z7Z )_1w7 + 
0  2 2 2 2 2 0 0  1 2 1 1 1  1 2 2 2  2 
2 1 2
W (Z7Z )_1z 7z (Z7Z )_1w7 ]
2 2 2 2 1 1 1 1
w here cr = E(u ), o' = E(u o ), o' = E(u o ), <r = E(o ),u t uo t it uo t 2t o it
1 2 1
2 2o' = E(o ) and cr =  E(o o ) and u . o and o a re  assum ed to  o 2t o o it 2t t it 2t
2 1 2
be hom oscedastic and se ria lly  uncorre la ted .
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CHAPTER EIGHT
CONCLUSIONS
This th es is  has been concerned w ith  review ing and extending
availab le  p rocedures fo r  analysing m acroeconom ic tim e se rie s  da ta , 
and c r it ic a lly  exam ining the m ethodological issues assoc ia ted  w ith 
the  use of such techniques. Application of these  m ethods to  selected
m acroeconom ic tim e se ries  has been an add itional focus of the  thesis . 
In some cases, the techniques have been based on some tenuous
assum ptions, re la x a tio n  of which could a f fe c t  the  f in a l re su lts . Some 
of th ese  assum ptions a re  re-exam ined  in th is  fin a l chap ter.
C hap ter Two exam ined the  m ajo r sources of f lu c tu a tio n s  in the  
A ustra lian  economy in the  period 1976 to  1990 through  use of the  
V ector A utoRegressive (VAR) m ethodology and undertook a com parison of 
re s u lts  from  these  models w ith  the  Murphy model, a s tru c tu ra l  
econom etric  model of the  A ustra lian  economy. The VAR model was 
specified  in both levels and f i r s t  d iffe ren ces  due to  the  inab ility  
of th e  un it ro o t te s ts  to  determ ine the  o rd er of in teg ra tio n  of all 
of th e  se rie s . Ju s t-id en tify in g  re s tr ic tio n s  w ere used to  move from
the  reduced  fo rm  VAR to  a s tru c tu ra l  VAR. For a genera l s tru c tu ra l  
VAR
AX = A*(L)X + e , (8.1)t  t  t
th is  involved imposing a low er tr ia n g u la r  s tru c tu re  on A and assum ing 
the  d is tu rb an ce  covariance m a tr ix  w as diagonal. However, the  re su lts  
did not prove to  be sensitive  to  the  choice of the  m a tr ix  A. R esults 
from  th e  VAR model in levels and f i r s t  d iffe ren ces  w ere s im ila r, a t 
lea s t in th e  sh o rt run , and both ind icated  th a t  w orld variab les w ere
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an im portan t source of f lu c tu a tio n s  observed in the  dom estic economy. 
The impulse response functions from  the VAR model in levels and the 
Murphy Model w ere also rem arkably  sim ila r fo r  the  m ajo rity  of
variab les. One im portan t d iffe rence  was th a t  rea l wage shocks in the 
Murphy Model appear too large  and p e rs is te n t and, a re  thus assigned 
too large  a ro le  in accounting fo r  flu c tu a tio n s  in the  dom estic 
economy a t  the  expense of the  w orld variab les.
Any conclusions draw n regard ing  governm ent policy based on these 
find ings d isreg a rd  the  fundam ental idea behind the  Lucas c ritique . 
This w arns aga in st using backw ard-looking models to  p red ic t the 
fu tu re , since basing the  in troduction  of o r change in a policy on
such find ings a lte rs  the  underlying in te r-re la tio n sh ip s . In addition, 
th e re  is an id en tifica tio n  problem . If the  governm ent is adopting 
co un ter-cyc lica l policies to  o f fse t the  influence of dom estic shocks, 
and given th a t  the  VAR methodology will simply pick up the  sum of 
these tw o ac tiv itie s , then  th is  analysis w ill u n d e rs ta te  the
influence of the  dom estic variab le  shocks.
A usefu l addition  to  th is  chap te r would be to  ex tend  the  se t of 
variab les used in the  VAR model when m ore observations a re  available. 
In p a rtic u la r , unemployment could be p a rtitio n ed  in to  employment and 
labour supply, thereby  enabling a d istinc tion  to  be made betw een
productiv ity  and labour supply shocks. Exchange ra te s , and both 
s h o r t- te rm  and long-te rm  in te re s t r a te s  could be included in the 
largely  d isregarded  financ ia l sec to r of the  VAR model. Additional 
variab les could be included in the  w orld se c to r of the  VAR model to  
f a c i li ta te  understand ing  of the  m echanism  by which the  w orld economy 
a f fe c ts  i ts  A ustra lian  co u n te rp art. At p resen t, w orld output is a 
m ajo r de te rm inan t of flu c tu a tio n s  in the  dom estic variab les; however,
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th is  va ria b le  may be a po rtm anteau va ria b le  fo r  the  possible
m issp e c ifica tio n  in  the model o f the w o rld  economy. More observations 
also may resolve the c o n f l ic t  in  outcomes fro m  the various 
n o n s ta tio n a r ity  tes ts .
The VAR m ethodology could be developed fu r th e r  by in co rp o ra tin g  
e q u ilib r iu m  c o in te g ra tin g  re la tio n sh ip s  and b u ild in g  an e r ro r  
co rre c tio n  model (ECM). An ECM enables the va riab les  in  the system to  
have d if fe re n t  lo n g -ru n  and s h o r t- ru n  responses to  shocks. In 
p a r t ic u la r ,  an ECM could be b u i l t  w ith  the  M urphy model lo n g -ru n  
so lu tions  used as the lo n g -ru n  o r c o in te g ra tin g  vecto rs . However, i t
was f e l t  th a t the  use o f an ECM w ould impose too much economic
s tru c tu re  on the  VAR model the reby reduc ing  the d is t in c t io n  between 
the sim ple VAR model and the econom etric model and m aking com parisons 
between these models less in te re s tin g .
*
Only lim ite d  use was made o f re s tr ic t io n s  on the  m a tr ix  A (L) in 
equation (8.1). Ze ro  feedback re s tr ic t io n s  w ere considered fro m  the 
dom estic sec to r to  the re s t o f the  w o r ld  re f le c t in g  the fa c t  th a t 
A u s tra lia  is  on ly a sm a ll economy; however, these re s tr ic t io n s  had 
l i t t le  e f fe c t  on the  unde rly ing  re su lts . These zero re s tr ic t io n s
im p ly
A *(L )X
[A (L) 0
l i
A* (L )A * (L) 
L 21 22
---
---
-1 X
1 --
--- X __
where X are the w o r ld  va ria b le s  and X the  dom estic va riab les . In  a
1 2
la rg e r  model, w ith  the  la rg e r  va ria b le  set ou tlined  above, g re a te r 
use could be made o f b lock re s tr ic t io n s  to  overcome the lack o f 
degrees o f freedom  ava ilab le  fo r  e s tim a tin g  the e n tire  system. 
S p e c ific a lly , th is  could invo lve d iv id in g  the  model between the 
dom estic and w o rld  economies, p e rm itt in g  no feedback fro m  the
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domestic to the world sector. Within the domestic economy, the
variables could be split into those regarded as exogenous and
endogenous, with no feedback perm itted from  the endogenous to the 
exogenous variables. Further zero restric tions between d ifferen t 
secto rs could also be imposed.
In Chapter Three the behaviour of the $A since the floa t in 
December 1983 was investigated. Using expectations data  on the $A fo r 
one and four weeks ahead, it was shown th a t there had been 
substan tia l m arket inefficiency as individuals consistently expected 
a $A depreciation, despite the $A actually appreciating on average 
over the period of analysis. Alternative explanations fo r the forw ard 
m arket inefficiency, such as the existence of a risk  premium, do not 
adequately explain the observed inefficiency.
A ‘Peso Problem’ explanation, which is consistent w ith a 
ra tional foreign exchange m arket, could account fo r individuals’ 
persistence in expecting a depreciation of the $A, because A ustralia 
had an exchange ra te  above its  fundam ental ra te . The over-valuation 
of the $A appeared to be caused by the high in terest ra te s  available 
in A ustralia  compared with those observed in the U.S. or other m ajor 
industria l countries. One implication of the over-valuation has been 
th a t movements in the $A have exhibited large negative skewness in 
the mean and conditional variance of $A re tu rns, caused by
‘nervousness’ in the m arket associated with the $A being above its 
fundam ental level.
In the face of an over-valued $A, an in teresting  and relevant 
question f  or policy makers is how to lower the $A to a more 
sustainable level and m aintain th a t level. There is little  dispute 
among policy makers th a t the A ustralian T reasurer could easily "talk
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the $A down" (see Table 3.15 fo r an indication of the importance of 
the T reasurer in determining sho rt-te rm  exchange ra te  movements). 
U nfortunately the $A is unlikely to remain a t th a t lower level for 
any significant period, unless backed by appropriate action to
indicate th a t the government is prepared to  m aintain a lower $A. The 
government could intervene by introducing a with-holding tax  (see 
Alesina et ail. (1990)) or lowering A ustralian in terest ra tes.
However, a w ith-holding tax  is regarded as politically unpopular and
in te res t ra te s  have fallen  from  the peak in 1989 by over five hundred 
base points, with no tendency fo r the $A to depreciate.
An over-valued $A imposes costs on the re s t of the economy. At a 
minimum, an over-valued exchange ra te  makes export industries less 
com petitive and forces them to either cut the ir p ro fit share or leave 
the m arket entirely. In addition, there is the cost associated with 
high in terest ra te s  necessary to bolster the $A. These ra te s  have 
helped to take A ustralia into a severe recession. When the monetary 
au thorities reduce the A ustralian sho rt-te rm  nominal in terest ra tes, 
there  may be a big fa ll in demand fo r A ustralian nominal assets and a 
large depreciation. Presumably a f te r  a sufficiently  large 
depreciation the m arket will cease to expect fu rth e r  real
depreciation. Such an abrupt and potentially large exchange ra te  
depreciation could also incur costs of adjustm ent within the real
economy.
There are  a number of possible extensions to the work undertaken 
in th is  chapter. One could consider building a m ulti-period time 
varying risk  param eter model, ra th e r than the simple one-period 
model. However, because of the small risk  premium observed in the 
single-period model as against the in te rest d ifferen tia l between
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A u stra lia  and the  U.S. i t  is unlikely th a t  the  re su lts  would change 
d ram atica lly  by exam ining these  m ore com plicated models. A second 
a re a  requ iring  f  u r th e r  work would be to  expand upon the  lim ited  
evidence in favour of the  ‘Peso Problem ’. The problem  here lies in 
th e  w eakness of the  te s ts  available in the  l i te ra tu re  fo r  te s tin g  fo r  
e ith e r  a ‘Peso Problem ’ or equivalently , a negative speculative 
bubble. F inally, a  longer d a ta  se t of expecta tions of $A movements 
would have made the  argum ents and conclusions reg ard in g  the  
ineffic iency  of the  fo re ign  exchange m arket more convincing, as Money 
M arket Services expecta tions s ti l l  had the  $A discounted in la te  
1988. However, such a d a ta  se t w as not available.
This analysis of exchange r a te  behaviour is bu ilt on the  
assum ption  th a t  exchange r a te  movements, on a day to  day, week to  
week o r month to  m onth basis, a re  draw n from  the  sam e d istrib u tio n . 
If th e  d istr ib u tio n  of $A re tu rn s  is changing as suggested  by Bewley 
et  al. (1988), then  th is  analysis b reaks down. However, the  work of 
Bewley e t al (1988) does not have a su b s tan tia l am ount of support in 
the  l i te ra tu re  to  date .
C hapter Four analysed the  estim ation  problem s when using an 
equation  which includes a  genera ted  reg re sso r  as an exp lanato ry  
variab le . Monte Carlo m ethods w ere used to  analyse the  sm all sam ple 
p ro p e r tie s  of various e s tim a to rs  fo r  fo u r sim ple models freq u en tly  
es tim a ted  in the  l i te ra tu re . OLS, IV, C orrec t OLS, FIML and B ootstrap  
s ta n d a rd  e r ro r  e s tim a tes  w ere  evaluated fo r  each model. It w as alw ays 
th e  case  th a t  OLS su b s ta n tia lly  u n d er-estim a ted  the  tru e  s ta n d a rd  
e r ro rs . Of the  rem aining es tim a tion  p rocedures, FIML or C orrec t OLS 
w ere  invariab ly  dom inant, w ith  the  re la tiv e  rankings varying ac ro ss  
experim en ts. While FIML ten d s to  dom inate in la rg e r  sam ples (T =
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100), FIML standard  e rro rs  w ere o fte n  observed to  be dow nw ard biased
in  the  sm a lle r samples considered (T  = 30), the reby leaving C orrec t 
OLS as the best e s tim a tion  procedure o ve ra ll in  sm a ll samples. The 
2S -Boot s tandard  e rro rs , w h ich  resam pled fro m  both  the  expecta tions 
and the  s tru c tu ra l equations the reby ta k in g  account o f the generated 
reg resso r, pe rfo rm ed  s u rp r is in g ly  poorly .
Extensions o f th is  chap te r could consider a lte rn a tiv e  model 
s tru c tu re s : more com plica ted  lin e a r models w h ich  p e rm it a g re a te r
num ber o f e xp la n a to ry  va riab les ; non linea r models; models w ith  
fo rw a rd  expecta tions; models w ith  q u a n tita tiv e  expecta tions  derived 
fro m  q u a lita tiv e  responses and; w ith  a la rg e r  sample size, lim ite d  
dependent va ria b le  models w ith  sample se lection  b ias c o rre c tio n  (see 
Heckman (1979)). Th is  rem ains a su b je c t fo r  fu r th e r  research.
McKenzie and McAleer (1990) prove th e re  are  cond itions  in  w h ich 
o m itt in g  va riab les  fro m  the expecta tions equation can lead to  more 
e f f ic ie n t  estim ates o f the param eters . Monte C arlo  ana lys is  could 
help es tab lish  the m agnitude o f the  e ff ic ie n c y  gains in  p ra c tic a l 
examples. Im p lica tio n s  o f fu r th e r  m issp e c ifica tio n  in  bo th  the 
expec ta tions  and s tru c tu ra l equations o th e r than  those considered in  
the  set o f experim en ts  conducted in  th is  chap te r could also be 
in ves tiga te d  and again th is  rem ains a su b je c t fo r  fu r th e r  research.
Given much la rg e r  com puting ca p a b ilit ie s , i t  w ou ld  be w o rth w h ile  
to  in ve s tig a te  the size and pow er p ro p e rtie s  o f the  va rious  boo ts trap  
procedures considered. However, g iven th a t ten  thousand boo ts traps  
w ere  undertaken to  de rive  ju s t  a s ing le  pa ram e te r and s tanda rd  e r ro r  
e s tim a te  fo r  2S-Boot, upw ard  o f ten  m illio n  boo ts traps  may be 
necessary fo r  the  Monte C arlo  study. F in a lly , the  Monte C arlo  re su lts  
fo r  sizes and powers o f popu la r d iagnostic  te s ts  used in  econom etrics
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could include a w ider se t of te s ts .
C hap ter Five used the  a lte rn a tiv e  s tan d a rd  e r ro r  estim ation  
p rocedu res  of C hapter Four to  re -e v a lu a te  the  conclusions of the 
c e leb ra ted  New C lassical unemployment model of B arro (1977), 
c o rre c tin g  fo r  the  presence of genera ted  reg re sso rs . Using B arro ’s 
o rig in a l specifica tions, the  s tan d a rd  e rro rs  w ere reca lcu la ted  using 
th e  OLS, C orrect OLS, FIML and B ootstrap  techniques. A procedure 
which yielded consisten t s ta n d a rd  e rro rs  com pared w ith  those of the  
dow nw ard-b iased  OLS could not o v e r- tu rn  B arro ’s conclusions. In th is  
exam ple, the  FIML s ta n d a rd  e r ro r  e s tim a tes  w ere close to  those of 
OLS, em phasising the  p o ten tia l downw ard b ias exhib ited  by FIML in 
sm all sam ples. In addition  to  B arro ’s model, the  extended
th re e -e q u a tio n  model of P esaran  (1982) w as also exam ined. Using th is  
model, i t  w as shown th a t  the  C orrec t OLS stan d a rd  e r ro r  e s tim a tes  led 
to  accep tance  of the  null hypothesis th a t  the  only two exogenous 
v a riab le s  in the  system  a re  jo in tly  in sign ifican t. Such a resu lt 
im plied th a t  the  n a tu ra l r a te  of unemployment w as constan t over the 
e n tire  th ir ty  year period and necessarily  c a s ts  doubt on the  valid ity  
o f B a rro ’s model.
C hap ter Six used q u a lita tiv e  responses from  the  C onfederation of 
A u stra lian  Industry /W estpac  survey to  derive q u an tita tiv e  
ex p ec ta tio n s  which w ere th en  used to  p red ic t fu tu re  movements in the 
v a riab le s  output, employm ent, ou tpu t prices, stocks of fin ished  goods 
and overtim e. The c h a p te r  considered a v a rie ty  of conversion 
p rocedu res  fo r  these  variab les . The constan t p a ram ete r p robab ility  
model of Carlson and P ark in  (1975) exhib ited  m arkedly less varia tion  
in the  q u an tita tiv e  expecta tions  com pared w ith  the  ac tu a l se rie s . In 
c o n tra s t, the  tim e-vary ing  p robab ility  model yielded expecta tion
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series which were too volatile. A comparison of these expectation 
series w ith expectations from  simple time series models showed th a t 
the time series models perform ed ju s t as well in term s of predicting 
the direction of change and the turning points, and in term s of the 
f o recast RMSE values. The regression model approach of Anderson 
(1952) was also considered. Combining th is model w ith the 
tim e-varying param eters yielded a dynamic nonlinear regression model, 
which was a generalisation of P esaran’s (1984, 1987) nonlinear model. 
This dynamic model perform ed markedly b e tte r fo r most series than the 
o ther conversion procedures or the time series models.
This chapter made a number of explicit assumptions regarding 
identical behaviour across individuals in the generation of 
expectations and the availability of inform ation to all individuals. 
A breakdown of any of these assumptions would invalidate a 
substan tia l p a rt of the work undertaken in the chapter. Although it 
was not available, a richer source of data, giving individual 
responses, would enable the testing  of the assumptions, of param eter 
constancy both across time and across individuals, sim ilar to th a t of 
Figlewski and Wachtel (1981). In addition, it would perm it the 
testing  of individual realisations from  one period to the next. 
Individual data  would also enable a testing  of the distributional 
assum ption (normality, logistic and scaled-t) used in deriving 
quan tita tive expectations in the probability method.
As in Chapter Four, Monte Carlo experim ents would be useful to 
investigate the bias in standard  e rro rs  associated with using IV 
ra th e r  than Correct IV or FIML estim ation f  or equations with 
generated regressors which are  measured with e rro r. This chapter made 
little  a ttem pt to derive the expectations f ormation hypothesis of
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m anufacturers, other than to establish th a t the expectations were not 
wholly consistent with a rational expectations hypothesis, sim ilar to 
Pesaran (1987, ch.9). Qualitative expectations fo r a horizon longer
than one q u a rte r would prove useful fo r predicting fu tu re  economic 
activity . This would enable questions regarding the determ inants of 
sh o rt-  and long-run fo recasts  to be addressed, including how they are 
form ed and if th e re  ex ist system atic biases or differences over the 
fo recast horizon. U nfortunately, such data  is not yet available for 
the CAI/Westpac survey.
Finally, qualitative expectations from  the same source as the 
quan tita tive expectations would give an indication of the accuracy of 
these conversion procedures. Defris and Williams (1979), using the 
survey from  the Institu te  of Applied Economic and Social Research a t 
the University of Melbourne, undertook a study comparing the Carlson 
and Parkin (1975) method fo r deriving quantitative expectations from 
qualitative responses w ith quantitative expectations fo r prices, 
arguing th a t "the Carlson and Parkin and Theil methods of
approxim ation w ere found to yield e rra tic  results" (p.173). Updating
th is analysis to  1988 suggests th a t there s till remain marked 
d ifferences between the two expectation series, see Figure 8.1. For
th is  da ta  the conclusion of a marked divergence between the 
quan tita tive and qualitative (converted into quantitative) 
expectations could be due to public ignorance regarding CPI 
estim ates. This explanation is not likely to be as tru e  when
m anufacturers a re  asked about the ir own perform ance. Consequently, it 
is d ifficu lt to conclude anything about the reliab ility  of the 
conversion procedures used in moving from  qualitative responses to 
quan tita tive expectations based upon these findings.
369
Chapter Seven analysed the manuf acturing sector in A ustralia 
over the period 1975 to 1988, using e rro r correction models (ECM) 
derived within a m ultivariate cointegrating vector framework.
Q uantitative expectations derived in Chapter Six are included in the 
ECM and these are compared with sim ilar models w ithout expectations. 
Em pirical resu lts  suggested the existence of two cointegrating 
relationships: the f i r s t  an output equation; the second, an
employment equation. Cointegrating vectors obtained from  the reduced 
form  ECM are included in a s tru c tu ra l ECM, which is estim ated by IV, 
w ith instrum ents fo r both the endogenous explanatory variables and 
the generated regressor expectation variables. Correct IV standard  
e rro rs  estim ates were also reported  to account f or the generated 
reg resso r problem; however, the bias from  using IV proved to  be only 
small in th is case. The resu lts  suggest th a t both the expectation 
variables and the cointegrating vectors are  im portant in the 
determ ination of these equations. The s tru c tu ra l ECMs are dominated 
by wages which play a m ajor role in determining employment and output 
movements. On the other hand, output plays a small role in accounting 
fo r movements in any of the other variables in the system.
Extensions to th is chapter revolve around an improved
understanding of the perform ance of the Johansen procedure under
various form s of m isspecification; fo r example, the omission of
relevant variables from  the reduced form  ECM, inclusion of irrelevant
variables in the reduced form  ECM, inclusion of too many (few) lags
52in the reduced form  ECM. In addition, Monte Carlo experim ents to 
obtain em pirical sizes and powers could be derived fo r a variety  of
52Hall (1990) discusses the role of the lag length in the reduced form  
ECM.
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procedures which determine the existence of long-run relationships, 
such as the Johansen procedure, Augmented Dickey-Fuller te s t or the 
Cointegration Regression Durbin Watson (CRDW) te st. Some prelim inary 
work has been done by Podivinsky (1990). Related to th is development 
a re  alternative methods fo r determining the rank of a m atrix  and 
comparing these with the method of Johansen. Such extensions remain 
beyond the scope of th is thesis.
A more methodological issue is why the cointegrating vector ß 
should be rela ted  to long-run coefficient estim ates? Johansen (1989a, 
p.6) argues th a t the decomposition of ti = ccß' is only unique up to 
some nonlinear m atrix  transform ation , as a£ and £ ß ' yield the same 
long-run coefficient m atrix  n. Consequently, there is no reason why ß 
should represent a cointegrating vector. Yet there are  numerous 
examples where the cointegrating vector corresponds to the
anticipated  equilibrium relationship. For example Johansen and
Juselius (1990) find a cointegrating vector between an exchange ra te  
and relative prices which resembles a Purchasing Power Parity  
relationship.
Finally, there is the general concern of Alogoskoufis and Smith
(1990) who believe cointegration has been afforded too im portant a 
role. Rather, they believe cointegration should be trea ted  as a 
convenient vehicle to a id . in terp re ta tion  of coefficients, and more
im portantly, as a method of testing  non-linear restric tio n s  compared 
w ith the unrestric ted  VAR model.
The expectations used in th is chapter are  percentage changes fo r 
ju s t one quarte r ahead. Expectations over a much longer horizon, such 
as six or twelve months ahead, would be useful in analysing the role 
longer-run expectations play in determining economic activity  in the
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A ustra lian  m anufactu ring  sec to r. W ren-Lewis (1986) perfo rm s such an 
analysis, although he fo rm s long-run  expecta tions from  sh o rt- ru n  
expecta tions in building a model of m anufactu ring  employment fo r  the 
U.K.. F inally, the  ava ilab ility  of expecta tions d a ta  on wage and 
input p rices would also provide a usefu l extension.
An obvious c ritic ism  of the  exam ple used in C hapter Seven is 
th a t  the  system  considered has om itted  variab les. Labour demand 
sp ec ifica tio n s  available in the  l i te ra tu re  suggest th a t  cap ita l 
stock , unemployment benefits , em ployer and employee tax e s  could all 
be added to  the  system  of equations considered. Extensions which 
included cap ita l stock as an add itional variab le  w ere d isappointing 
w ith  cap ita l stock invariab ly  inco rrec tly  signed and in sign ifican t in 
the  long-run  re la tionsh ip s. An ex tension  of the  system  allow ing any 
of the  o th er variab les ind icated  be included in the  system  w ere not 
considered  p ra c tic a l given the  lim ited  num ber of observations.
This ch ap te r has discussed some a re a s  fo r  fu tu re  work which 
a r is e  out of th is  th es is  and some of the  lim ita tions inheren t in the  
w ork undertaken . Despite these  the  th es is  has m anaged to  analyse a 
wide range of in te re s tin g  and im portan t top ics in the  a re a  of applied 
econom etrics. It has developed and used many tools of the  discipline 
and applied them  to  questions regard ing  the  perfo rm ance and behaviour 
of th e  A ustra lian  economy. In so doing, th e  th es is  has a ttem p ted  to  
im prove the  understand ing  of the  m ajo r economic fa c to rs  a ffe c tin g  and 
influencing behaviour in both the  rea l and fin an c ia l se c to rs  of 
A ustra lia , and has p resen ted  the  m ethodology and techniques to  
undertake  such an exerc ise .
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Figure 8.1: Comparing Quantitative and Qualitative Expectations
- Carlson and Parkin Inflation 
Expected Inflation
- Actual Inflation
i tr w
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SUPPLEMENT A
N o n s ta t io n a r i ty  and M u lt iv a r ia te  C o in teg ra t io n
A.l. S t a t io n a r i t y  and N o n s ta t io n a r i ty
A s ta tio n a ry  se rie s  is one which can be rep resen ted  by a s tab le  
and invertib le  AutoRegressive Moving Average (ARMA) process. It is 
c h a ra c te r ise d  by having a f in ite  variance and a f in ite  memory to  
shocks. A nonsta tionary  se rie s , in c o n tra s t, has an in fin ite  variance 
and an in fin ite  memory to  shocks to  the  variab le . For m ore discussion 
on the  appearance of s ta tio n a ry  and nonsta tionary  se rie s  see, f  or 
exam ple, G ranger and Newbold (1977), Engle and G ranger (1987) and 
B annerjee  e t al (1991). To il lu s tra te  these  issues consider the  
sim ple au to reg ressiv e  model of o rder one (AR(1)),
I I 2x = ax  + c and a  ^ 1, and c ~ iid(0, er ). (S.A.l)t t-i t I I »  t e
By back su b stitu tio n , th is  expression  can be w ritte n  as an in fin ite ly  
o rdered  moving average process,
00
x = £ a 1 e . (S.A.2)t i =o t-i
For | a |  < 1  the  p rocess is said  to  be s ta tio n a ry  and a shock to  , 
fo r  any i = 1, 2 , . . . ,  oo, w ill a f fe c t  y  fo r  only a f in ite  period, as 
the  co e ffic ien t on , denoted a 1, declines geom etrically  to  zero
w ith  increasing  i. The variance  of x is w r itte n  as
V ar(x) = <r2/ ( l - a 2), (S.A.3)e
and is f in ite  fo r  | a |  < 1 .
For a  = 1 the  model corresponds to  the  sim ple random  walk, and 
is n onsta tionary . A shock to  , fo r  any i = 1, 2 , . . . ,  oo, will
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a ffe c t  perm anently  as the coeffic ien t on  ^ is equal to  unity
and hence does not asym ptote to  zero  as i increases. From equation 
(S.A.3), the  variance of x w ill be in fin ite  fo r  a  = 1. Given th is
defin ition  (ch a rac te risa tio n ) of s ta tio n a ry  and nonsta tionary  se rie s , 
a se rie s  is then  said  to  be in teg ra ted  of o rd er d, denoted 1(d), if 
it  needs to  be d iffe renced  d tim es to  produce s ta tio n a r ity .
A.1.1 T e s t in g  S t a t io n a r i ty
Various a lte rn a tiv e  te s ts  a re  available fo r  te s tin g
n o n sta tio n a rity  (see Dolado et al (1990)). The th re e  te s ts  used
throughout th is  th es is  a re  the  Augmented D ickey-Fuller (1981) (ADF)
te s t  and two te s ts  by Phillips and P erron  (PP), (see Phillips and
P erron  (1988) and Perron  (1988)). For a ll of these  te s ts , th e  null
hypothesis is one of nonsta tio n arity , possibly around a linear trend .
In essence, a ll te s ts  consider the general model
m
Ax = u + p ( t-T /2 )  + ax  + E y  Ax + e . (S.A.4)t  t-i i = i i t-i t
Fuller (1976) and D ickey-Fuller (1979) pioneered te s ts  fo r  
n o n sta tio n a rity  in a se rie s  x^, the  DF te s t .  In te rm s of equation
(S.A.4) the  DF te s t  s e ts  y = 0, i = 1, . . . ,  m, and uses a t - r a t io  to
te s t  the  null hypothesis a  = 0. The d is tr ib u tio n  of the  s ta t is t ic  
d if fe rs  depending upon the form  of the  equation (S.A.4). The te s t
s ta t is t ic s  a re  denoted as follows: excluding the  in te rce p t and trend ,
t ; including the  in te rce p t and excluding a tren d , x ; and including
an in te rce p t and tren d , x . The c r it ic a l values fo r  these  d iffe re n t
s ta t is t ic s  do not follow  s tan d a rd  d istr ib u tio n s . The sim ulated  
c rit ic a l values fo r  these  te s t  s ta t is t ic s  a re  in Fuller (1976) and,
m ore recen tly , in MacKinnon (1990).
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The ADF te s t  is a genera lisa tion  of th e  DF te s t  and includes the 
Ax^ , i = 1, 2, . . . .  m, te rm s to  cap tu re  a h igher o rder
au to reg ressive  process than  the sim ple random  walk null hypothesis 
p e rm itted  in the DF te s t . Choice of m in th is  te s t  can be very 
im portan t to  the  resu lts . Consequently, Banner jee  e t al (1991)
suggest choosing a large  value fo r  m to  ensure  th a t  a ll of the 
dynam ics a re  cap tu red , as ov er-sp ec ifica tio n  yields effic iency  losses 
as opposed to  the  b iases which occur when m is under-specified . The 
ADF te s t  also uses a  t - r a t io  to  te s t  a  = 0 and the  c r it ic a l values 
a re  the same as fo r  the  DF te s t.
Dolado e t al. (1990) describe an ap p ro p ria te  p rocedure to  te s t  
fo r  a un it roo t allow ing fo r  a tre n d  a n d /o r  in te rcep t in equation 
(S.A.4). The presence of e ith e r of these  v ariab les  w ith  a s ig n ifican t 
co effic ien t in equation (S.A.4) m eans th a t  asym pto tically  the
equation is dom inated by a q u ad ra tic  o r linea r tren d , and th is  means 
th a t  the  t - s ta t i s t ic  converges to  a s ta n d a rd  norm al d istribu tion . 
Consequently, Dolado e t al (1990) te s t  a  = 0 using the  ADF s ta t is t ic ,  
if  the  null hypothesis is accepted, they te s t  fo r  the  sign ificance of 
ji and p in (S.A.4). R ejection th a t  e ith e r  of these  is zero  involves 
te s tin g  a  = 0 using a s tan d a rd  norm al d is tr ib u tio n , o therw ise  the 
sim ulated  c rit ic a l values a re  used. However, if  te s tin g  fo r  the  
ex istence  of a un it roo t .is the  sole in te re s t  then  the  ADF te s t , 
including an in te rcep t and tren d , is used w ith  the  n o n -stan d ard  
c r i t ic a l  values.
If i t  appears  th a t  a un it ro o t is p resen t, a te s t  fo r  the  
p resence of a second un it roo t should be p e rf  orm ed. One simple 
approach  is to  define x^ in equation (S.A.4) to  be the  f i r s t  
d iffe ren ce  of the  o rig inal se rie s  and use the  ADF te s t . Dickey and
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P antu la  (1987) suggest th a t a sequentia l te s tin g  procedure fro m  the
h ighest o rde r o f in te g ra tio n  down y ie lds  a te s t w ith  h igher power.
Th is thes is  uses the ADF te s t applied to  the f i r s t  d iffe re n c e  o f the
series, as the m axim um  o rde r o f in te g ra tio n  is u n ity , i.e . 1(1), th is
w i l l  not involve a su b s ta n tia l loss o f power.
The Z -s ta t is t ic s  developed by PP set the y / s  equal to  zero in
equation (S .A .4), and are based on the  te s ts  o f D ickey and F u lle r
(1981). A lthough a number o f te s ts  are developed, on ly tw o  are  used
in  th is  thesis. The f i r s t  tes ts  the n u ll hypothesis a = 1, and is
denoted Z ( t  ), the second does not a llo w  fo r  a tim e  tre n d  and tes ts  
a
the jo in t  hypothesis p = 0 and a = 1, and is denoted Z ($ 3). Both o f
the PP te s t s ta t is t ic s  use a n o n -p a ra m e tric c o rre c tio n  to  the
s tandard t - and F -s ta t is t ic  fo r te s tin g  a = 0 and a = p = 0,
respective ly . Th is  n o n -p a ra m e tric  c o rre c tio n a llow s fo r  lin e a r
interdependence between the lagged re s id u a l te rm s , and p e rm its  "a 
w ide class o f innova tion  sequences { u^> w h ich  a re  in v a r ia n t w ith  
respect to  the d r i f t  pa ram ete r p", P erron  and P h illip s  (1987, p.141). 
The te s ts  are ca lcu la ted  as
Z ( t ) = (s/<r ) t -  (T3/4 \/3  D 1/2<t )(<t2 -  s2) (S.A.5)a Tq a F Tq Tq
Z (<p ) = (s/<r )<t> -{l/2xr  )(<r2 -s 2) [T (a - l) - (T 6/48D  )]
3 Tq 3 Tq Tq F
(cr2 - s 2) (S.A.6)
Tq
where,
<f> = (2s)_1[T{s -  (x  -  x  )2} -  (T -3 )s 2]
3 o (0) (1)
Ä 2 
x  is  the  mean value o f x  , i = 0, 1; s is the  res idua l
(i) t-i’
2variance ; s is the variance  o f the  f i r s t  d iffe re n c e  in  x ; D is the
o f
de te rm inan t o f the m a tr ix  (F 'F ) ;  and F = U , (x -T /2 ) ,  x  ]; l is  a
-l
column vec to r o f ones; and (t - T / 2) is  a vec to r fo r  w h ich  a ty p ic a l
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elem ent is ( t-T /2 )
T r T
(T2 = T"1 Z e2 + 2T 1 l u  Z e e
Tq t  = l t  T = 1 Tq t=T  + l t  t -T
e^’s a re  the  res idua ls  from  equation (S.A.4) and = 1 -  x /(q+ l).
Again the  problem  a rise s  of choosing the num ber of residual 
au tocovariances which should be calcu lated , i.e. q. C ritica l values 
a re  in Dickey and Fu ller (1981).
A.2. M u lt iv a r ia te  C o in teg ra t io n
A.2.1 J o h a n se n  P r o c ed u r e
The m u ltiv a ria te  approach of Johansen (1989a, b) is an extension 
of the  single equation co in teg ra tion  work of Engle and G ranger (1987) 
and allow s fo r  (p—1) co in teg ra ting  re la tionsh ip s  betw een p variab les. 
The procedure and exam ples of i ts  use a re  outlined elsew here in the 
l i te ra tu re , see fo r  exam ple, Clements (1989), Juselius (1990),
Johansen and Juselius (1990), M uscatelli and Hurn (1990), MacDonald 
and Kearney (1990), Kunst and N eusser (1990) and B annerjee e t al 
(1991). The procedure assum es th a t  the p variab les used in the  system  
a re  in te g ra te d  of o rder one, 1(1), and in te rp re ta tio n  becomes
d iff ic u lt if  some (or all) of the  se rie s  in the  system  a re  in teg ra ted  
of a h igher o rder.
The Johansen p rocedure considers the  general E rro r  C orrection 
Model (ECM) (S.A.7), which is a Vector A utoRegressive (VAR) model 
re w ritte n  as
AX = n AX + y AX + ... + y AX + ttXt 1 t-l 2 t-2 k-1 t-k+1 t-k
+ UZ + V , t t v ~ D(0, fl) (S.A.7)t
w here A is the  f i r s t  d iffe ren ce  o p e ra to r, X a pxl m atrix , z
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con ta ins an in te rcep t and cen tred  seasonal dummy variab les, is the 
d istu rbance  covariance m atrix , and t  = 1, ... ,  T. A ttention focuses 
on the long-run  (equilibrium ) p a ram ete r vector n. With r  
co in teg ra tin g  vecto rs (1 ^ r  < p), n has a rank  of r  and can be 
decomposed as n = a ß ' , w ith  a  and ß both pxr m atrices, w here ß is the  
m a tr ix  of co in teg ra tin g  vecto rs and a  m easures the  s tre n g th  of the 
co in teg ra tin g  vecto rs in the  ECMs. If 1 5 r  < p, then ß ' X  is a 
co in teg ra tin g  vector, i.e. 1(0), and equation (S.A.7) is balanced in 
th a t  a ll variab les a re  in teg ra ted  of the  same o rder. If r  = 0, then 
th e  model is a  VAR in f i r s t  d iffe ren ces  and is s ti l l  balanced. 
However, if  r  = p, then  fo r  equation (S.A.7) to  be balanced m ust
be s ta tio n a ry .
E stim ation  of a and ß involves f i r s t  determ ining the  lag length 
k in equation (S.A.7). k has to  be sm all enough to  ensure  th e re  a re  
degrees of freedom  rem aining a f te r  estim ation , bu t high enough to  
leave the  res id u a ls  resem bling w hite noise e rro rs . Monte Carlo work 
by B annerjee e t al (1991) suggests th a t  a rich  dynamic s tru c tu re  w ith  
high k be used in equation (S.A.7), as th is  yields low er p a ram ete r 
e s tim a te  b iases. Having determ ined k, and to  obtain  n, the  maximum 
likelihood estim ation  procedure is s im ila r to  th a t  fo r  lim ited
in fo rm ation  maximum likelihood estim ation  of sim ultaneous system s 
(see Schm idt (1976, p.169)). It f i r s t  rem oves the  influence of the
dynam ics and z^ from  both AX  ^and X  ^ . This en ta ils  running two
se p a ra te  VAR models, i) AX on AX , AX AX and z ; and
*  t t-l t-2 t-k+1 t
ii) X on AX , AX ,.. ,  AX and z . The residua l vecto rs a re
t-k t-l t-2 t-k+1 t
denoted R ^  (lxp) and R (lxp), respectively .
E stim ation  of ß uses the  lea s t variance ra t io  e s tim a to r  and 
involves ca lcu la ting  the  eigenvalues and eigenvectors of S S *SQk
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w ith  resp ec t to  S , i.e. | AS - S S S | = 0, w here
kk kk kO 00 Ok
T
S = T"1 Z R7 R
00 t  = l o t  o t ,
S = T-1 Z R7 R ,
kk t = l  k t  kt
and
S = T"1 Z R7 R .
Ok t = l  Ok kt
The m atrices  of eigenvalues and eigenvectors a re  denoted A and ß,
respective ly , and these  a re  o rdered  in in c re a s in g  values of the 
A 2
eigenvalues (a = S ^ ß ) . The eigenvalues a re  R values, ind icating  the 
sign ificance  of residua l vector R ^  in the  R equations, i.e. the  
sign ificance  of the  e r ro r  co rrec tion  te rm s ß ' X  in the  AX ECMs
t - k  t
2
(S.A.7). High R values ind icate te rm s m ore likely to  be p resen t in 
th e  ECM and hence re la tionsh ip s  which a re  co in teg ra ted . A Cholesky 
decom position of S ^  = HH7 allow s the solving of a m ore s tan d a rd  
problem , | XI  -  H_1S S-1S H7_1|
^ kO 00 Ok
0. Here, the  eigenvalues a re  s till
A and the  eigenvectors a re  denoted cj. The o rig inal e igenvectors can
-1
be re tr iev ed  as ß = H7 w.
Including an in te rce p t in in the  ECM is equivalent to  a tim e
tre n d  in levels. Excluding the  in te rcep t involves solving a sligh tly  
d if fe re n t estim ation  problem . R egressing out the  influence of the
dynam ics and z^ from  equation (S.A.7) the  reg ressio n s a re  now i) AX^
*
on AX , AX .......... AX and z (no in te rcep t), and ii) X on
t “l  t - 2  t-k+1 t  1—k
*
AX , AX , .. . ,  AX and z (no in te rcep t)  w here X = [X7, i ] 7
t - i  t - 2  t -k + l  t  t  t
and t  is a column vector of ones. This yields residua l vecto rs  R
ot
(lxp) and R ^  ((lxp)+l). Given these  new residua l m atrices, the 
estim ation  procedure is as outlined above.
The m ajo r con tribu tion  of Johansen is in determ ining  the  rank  of 
r , i.e. the  number of co in teg ra ting  vecto rs. Johansen developed two
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te s ts , the  A s ta t is t ic ,  ca lcu la ted  as -T  ln(l-A ), and the  T race max r
n
s ta t is t ic ,  ca lcu la ted  as T race = -T  £ ln(l-A ). Both te s t  fo r  the
i =r  +1 i
existence of the r th  co in teg ra ting  vector. C ritica l values a re
provided in Johansen (1989a) and in O sterw ald-Lenum  (1990), again 
obtained by sim ulation. Problem s a rise  in te s tin g  fo r  m ore th an  one 
co in teg ra ting  vector as the  te s ts  a re  not independent, which can lead 
to  size problem s when te s tin g  fo r  a th ird  or fo u rth  sign ifican t 
co in teg ra ting  vector.
A.2.2 B e w l e y  Method
The VAR approach of Bewley e t al (1988) is outlined fu r th e r  in 
Bewley and E lliot (1989) and Adam and Bewley (1989) and is s im ila r to  
the  Johansen approach. This approach uses a VAR model fo r  X (a (lxp) 
vector),
c = A(L) X (S.A.8)
t  t
2 kw here, A(L) = I -  A L  -  A L A L , A is a square  (pxp) m atrix ,
1 2  k 1
and L is the  lag op era to r. Define cov(X) = 0, and cov(X) = $ w here X;
is the  f i t te d  values of X from  estim ating  (S.A.8). This procedure
-1
takes a canonical decom position of \Jj $
0 _1<J> = M A M' (S.A.9)
M is the  m a tr ix  of eigenvectors (co in teg ra ting  coeffic ien ts) and A ( 
= A ..........  A ) is a  diagonal m a tr ix  of eigenvalues. M is ordered
1 m
according to  A from  s m a lle s t  to  la r g e s t .  By a su itab le  norm alisation
of M the  po ten tia l co in teg ra tin g  res id u a ls  a re  ca lcu la ted  as V^  =
2
X^M. The eigenvalue m a tr ix  is an R m atrix  fo r  a system  of equations, 
2 2w ith  A^  = R ^  and the  R values m easure the  p red ic tab ility  of each of
2
the  orthogonal conona, V , V ........V . R is a m easure of the  ex ten t
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to  which the se rie s  is dom inated by a tren d  te rm , such th a t  variab les 
2
w ith  a low R a re  more likely to  be s ta tio n a ry . O rdering by the 
eigenvalues, A^ , ensures th a t  the  f i r s t  canona is m ost likely to  be 
s ta tio n a ry  and the la s t the  lea s t likely. Each column of V is then 
te s te d  in tu rn  fo r  s ta tio n a r ity  using, fo r  exam ple, the  ADF te s t . If 
the  column is s ta tio n a ry  then X^ M is a  co in teg ra ting  vector. 
Sequential te s tin g  of the s ta tio n a r ity  fo r  each of the  columns of V 
continues un til a nonsta tionary  se rie s  is found.
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